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REMARKS 

Claims 1-6, 8-23, 34-61 are pending in the application. Claims 24-33 have been 
canceled, herein. Claims 11,13 and 34-56 have been withdrawn from consideration by the 
Examiner. Claims 8 and 14-18 have been amended. Claim 8 was amended to correct a 
typographical error. Claims 14-18 were amended to correct dependency of these claims. 
Claims 57-61 have been added. Claims 57-61 encompass the dependencies deleted from 
claims 14-18. No new matter has been added. 

Claim Objections 

The Examiner has objected to claims 14-18 under 35 CFR § 1.75(c) because a 
multiple dependent claim cannot serve as the basis for additional multiple dependent claims. 
Applicants have amended claims 14-17 so that they no longer depend from multiply 
dependent claims, and have amended claim 18 so that it no longer multiply depends. The 
dependencies deleted from claims 14-18 have been added in new claims 57-61. Applicants 
submit that this objection is overcome. 

The Examiner has objected to claim 8 because of the phrase "abody fluid". This 
phrase has been corrected. Applicants submit that this objection is overcome. 

Claim rejections 

Rejections under 35 U.S.C. § 101 

The Examiner has rejected claims 24-33 under 35 U.S.C. § 101 because they are not 
presented as proper process claims. Applicants have canceled claims 24-33. Thus this 
rejection has been rendered moot. 

Rejections under 35 U.S.C. § 112 
Indefiniteness 

The Examiner has rejected claims 24-33 under 35 U.S.C. § 1 12 for being indefinite. 
Applicants have herein canceled claims 24-33. Thus this rejection has been rendered moot. 
Enablement 

The Examiner has rejected claims 1-6, 8-11, and 19-33 under 35 U.S.C. § 1 12 for 
lack of enablement for a method of diagnosing a pre-neoplastic state in a mammal. 
Applicants have herein canceled claims 24-33, so this rejection is moot as it regards these 
claims. The Examiner argued that while the specification does enable methods of staging or 
diagnosing cancer and methods of determining the etiology of carcinogenesis in a mammal, 
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that the specification does not contain teachings regarding issues involved in diagnosing pre- 
cancer of leukemia and solid tumors. 

The Examiner argued that for the claim to be enabled for solid tumors there would 
have to be a pre-neoplastic stage at which expression would begin to deviate from the normal 
disclosed in the instant specification. The Examiner asserted that the instant specification 
does not teach such a deviation. Further, the Examiner stated that since chronic lymphocytic 
leukemia (CLL) in B cells is correlated with the t(l I;14)(ql3;q32) translocation, to detect the 
pre-cancer associated with CLL, the B cell would have to over-express P2X 7 receptor before 
the translocation took place. 

Applicants submit that the specification teaches the detection of pre-cancer with 
antibodies to P2X?. 1 The specification teaches on page 18, lines 8-18 that P2X 7 was 
upregulated in the prostatic epithelium of aged rats. The aged rats had a marked increase in 
epithelial hyperplasia resembling benign prostatic hyperplasia (BPH) in humans. 2 

Further the specification teaches differential staining of human prostate tissue in the 
process of early pre-neoplatic transformation. 3 The specification teaches three stages of P2X 
labeling associated with BPH tissue. 4 In stage 1, there is dense prominent P2X labeled 
epithelial nuclei on a pale background. 5 In stage 2, there is a de-expression of P2X in 
epithelial nuclei and the appearance of dense and punctuate cytoplasmic labeling, nuclear 
membrane and lateral plasma membrane labeling, and increase in labeling on the apical 
epithelium. 6 In stage 3, the nuclei were labeled with P2X only on the nuclear membrane, 
there was no cytoplasmic labeling, the labeling was homogenous instead of punctuate, and 
the apical epithelium was densely labeled. 7 Stages 1 and 2 of P2X labeling were usually 
found in histologically diagnosed normal tissue, while stages 2 and 3 of P2X labeling were 
usually found in histologically diagnosed cancerous tissue. 8 Stage 3 was always associated 
with histologically diagnosed cancerous tissue. 9 Thus, histologically normal tissue which 
was P2X labeled according to stage 2 would be considered pre-cancerous. 10 Thus, 



E.g. instant specification at 7, lines 1-3. 

2 Id. at 17, lines 16-18. 

3 Id. at 20, lines 5-9. 

4 Id. at 19, lines 16-17. 

5 Id. at 19, lines 17-19. 

6 Id. at 19, lines 19-22. 

7 Id. at 19, lines 22-25. 

8 Id. at 20, lines 1-2. 

9 Id. at 20, lines 3-5. 

10 Id. at 20, lines 6-9. 
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Applicants submit that the specification teaches the detection of pre-cancer with antibodies to 
P2X 7 . 

Moreover, later teachings in the art have confirmed that the presence of P2X 7 may be 
used to diagnose pre-cancer. The early appearance of P2X 7 in prostate epithelial cells in 
intracellular locations, including luminal cell nuclei, is observed with no associated 
deployment to the outer cell membrane. 11,12 These receptors which are not deployed are 
unable to function as non-selective fast-gated calcium channels or as apoptotic pores. 13 Also, 
it has been shown that P2X 7 receptors are expressed in ducts associated with ductal 
carcinoma of the breast in histologically normal tissue. 14 Moreover, apparently normal skin 
on the margin of a spreading melanoma stains for P2X 7 receptors, which presage the coming 
of cancer. 15 

While, as the Examiner stated in the Office Action, it is unclear whether P2X 7 may be 
used to diagnose pre-cancer of CLL, it is well recognized under U.S. law that even in 
unpredictable arts, a disclosure of every operable species is not required. 16 The MPEP states 
that detailed procedures for making and using the invention may not be necessary if the 
description of the invention itself is sufficient to permit those skilled in the art to make and 
use the invention. 17 The standard for determining whether the specification meets the 
enablement requirement is determining whether the experimentation needed to practice the 
invention is undue or unreasonable. 18 This standard has been interpreted to require that the 
claimed invention be enabled so that any person skilled in the art can make and use the 
invention without undue experimentation. 19 However, the fact that experimentation may be 
complex does not necessarily make it undue, if the art typically engages in such 
experimentation. 20 As long as the specification discloses at least one method for making and 
using the claimed invention that bears a reasonable correlation to the entire scope of the 
claim, then the enablement requirement of 35 U.S.C. § 1 12 is satisfied. 21 

Further, the quantity of experimentation needed to be performed by one skilled in the 
art is only one factor involved in determining whether "undue experimentation" is required to 

11 Slater, M. et al. Prostate Cancer and Prostatic Diseases 4:92-96 (2001), included as Exhibit A . 

12 Slater, M. et al. Histopathology 44:206-215 (2004), included as Exhibit B . 

13 Id. 

14 Slater, M., et al. Breast Cancer Research and Treatment 83:1-10 (2004), included as Exhibit C . 

15 Slater, M. et al. Melanoma Research 13:137-145 (2003), included as Exhibit D . 

16 In re Fisher . 427 F.2d. 833, 839 (Fed. Cir. 1970). 
17 M.P.E.P. §2164. 

18 Mineral Separation v. Hyde . 242 U.S. 261, 270(1916). 

19 In re Wands . 858 F.2d. 73 1, 737 (Fed. Cir. 1988). 

20 In re Wands . 858 F.2d. at 737. 

21 In re Fisher . 427 F.2d. at 839. 
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make and use the invention. An extended period of experimentation may not be undue if the 
skilled artisan is given sufficient direction or guidance. 22 The test is not merely quantitative, 
since a considerable amount of experimentation is permissible, if it is merely routine, or if the 
specification in question provides a reasonable amount of guidance with respect to the 
direction in which the experimentation should proceed. 23 Time and difficulty of experiments 
are not determinative if they are merely routine. 24 

The instant specification describes methods for using the expression of P2X7 to 
diagnose pre-cancer. Specifically, Example 1 teaches the antibodies and 
immunohistochemical methods to be used. Example 2 teaches how the antibodies used in 
Example 1 were made and their specificity tested. Examples 4 and 5 teach how to prepare 
tissue for ultrastructural examination, and the immunocytochemistry involved in this analysis. 
Example 7 teaches the use of these above described methods to diagnose pre-cancer in rats. 
Example 9 teaches the use of the above described methods to diagnose pre-cancer in humans. 

Applicants submit that the skilled artisan readily and routinely utilizes the described 
methods when histologically diagnosing cancer, only that, prior to the instant application, the 
skilled artisan would not have known to evaluate the expression profile of P2X 7 . Further, 
although experimentation may be required to test the efficacy of P2X7 to diagnose pre-cancer 
originating from the many different tissues or cancer types not disclosed, the instant 
specification provides a reasonable amount of guidance with respect to the direction in which 
the experimentation should proceed that the experimentation is not undue as the art typically 
engages in such experimentation. One of ordinary skill in the art would be able to practice 
the present invention as claimed as the specification discloses methods for making and using 
the claimed invention that bear a reasonable correlation to the entire scope of the claim. 
Thus, the enablement requirement is satisfied. 
Rejections under 35 U.S.C. § 103 

The Examiner has rejected claims 1-3, 8-10, 19-21 and 24-34 under 35 U.S.C. § 103 
for being obvious over Altieri et al. WO 92/16558 ("Altieri") in light of Jamieson et al. 
Journal of Cellular Physiology, 166:637-642 (1996) (" Jamieson "^ and Buell et al. Blood, 
92:3521-28 (1998) (" Buell "). Applicants have herein canceled claims 24-33, so this rejection 
is moot as it regards these claims. The Examiner asserted that claims 1 and 2, from which 
claims 3, 8-10, 19-21 and 24-34 ultimately depend are drawn to methods of staging or 

22 In re Colianni . 561 F.2d 220, 224 (CCPA 1977). 

23 In re Wands . 858 F.2d at 737. 

24 In re Wands . 858 F.2d at 737. 
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determining neoplastic states in a mammal or determining the etiology of neoplastic states in 
a mammal, by comparing the P2X7 receptor expression profile of cells and/or tissues from 
said mammal to the P2X 7 expression profile of normal cells and/or tissues. 25 The Examiner 
asserted that Altieri teaches a method of diagnosing patients afflicted with chronic 
lymphocytic leukemia (CLL) by EPR-1 expression on cell surfaces correlated with an 
improvement of disease state. However, Altieri does not teach the use of P2X7 as a marker 
for CLL. Additionally, the Examiner alleged that Jamieson teaches that lymphocytes from 
patients with CLL have higher levels of P2X7 receptor. However, Jamieson does not teach 
the direct detection of P2X 7 . Also, the Examiner asserted that Buell teaches a monoclonal 
antibody which binds to cells which express P2X 7 and which can be used for 
immunoprecipitations. Applicants traverse. 

Applicants submit that the Examiner has not made a prima facie case of obviousness, 
and instead is using an "obvious to try" standard. "Obvious to try" is not the standard under 
§ 103. 26 The MPEP defines what would have been "obvious to try" would have been to vary 
all parameters or try each of numerous possible choices until one possibly arrived at a 
successful result, where the prior art gave either no indication of which parameters were 
critical or no direction as to which of many possible choices is likely to be successful. 27 
Applicants submit that this is the standard necessary, specifically, in order to reach a 
conclusion, as explained below, that Jamieson teaches that P2X 7 expression on lymphocytes 
is increased in patients with CLL compared to expression on lymphocytes isolated from 
normal subjects. Applicants submit that Jamieson does not teach or suggest that P2X 7 is 
expressed at a higher (or lower) level in CLL lymphocytes than in normal lymphocytes. 

Altieri teaches the monitoring of CLL via the monitoring of cell surface expression of 
EPR-1, which is homologous to coagulation factors V and VIII. There are no teachings that 
EPR-1 shares any significant homology with purinoceptors generally, or P2X 7 , specifically. 
One of ordinary skill in the art would not expect P2X 7 expression to correlate with CLL 
disease state based on the teachings of Altieri . 

Jamieson does not cure the deficiencies of Altieri . The Examiner alleged on the first 
full paragraph of page 6 of the Office Action that Jamieson teaches that lymphocytes from 
patients with CLL have higher levels of P2Z (i.e. P2X 7 ) receptors than lymphocytes from 
normal individuals at Figure 1 of Jamieson . Applicants disagree. 



Office Action at 5, paragraph 8. 
MPEP § 2145. 
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Figure 1 does not explicitly show that the expression of P2X7 is different in 
lymphocytes isolated from CLL patients and lymphocytes isolated from normal subjects. 
Figure 1 shows the increased loss of L-selectin in lymphocytes isolated from normal subjects 
and CLL patients which are treated with ATP. This reduced expression is shown as a 
percentage of L-selectin expression at time 0 of the ATP treatment. Jamieson does not teach 
what the absolute expression of L-selectin is in lymphocytes isolated from normal subjects or 
CLL patients, or what the relative expression of L-selectin is in lymphocytes isolated from 
normal subjects compared to CLL patients. 

The Examiner seems to imply in the Office Action that because the relative 
percentage of L-selectin is lower in lymphocytes from CLL patients than it is in lymphocytes 
isolated from normal subjects 28 that one of ordinary skill in the art would reasonably 
conclude that the reason for this difference would be heightened expression of P2X 7 in the 
lymphocytes of the CLL patients. Jamieson teaches that purinoceptors like P2X 7 are 
involved in the increase of intracellular Ca 2+ in lymphocytes in response to increases of 
extracellular ATP. 29 Jamieson also teaches that administration of ATP to CLL and normal 
lymphocytes results in rapid loss of L-selectin. 30 Jamieson shows that P2X 7 is involved in a 
signal transduction pathway which leads to the loss of L-selectin from lymphocytes by 
showing that the loss of L-selectin is not intracellular Ca 2+ concentration dependent, 31 and 
that inhibition of the P2X 7 receptor stops L-selectin loss in lymphocytes, 32 while addition of 
benzoylbenzoic ATP, a more potent agonist of P2X 7 than ATP, 33 caused further increases of 
L-selectin loss 34 However, Jamieson does not teach what the relative expression of P2X 7 is 
in CLL versus normal lymphocytes, nor does Jamieson teach what the relative or absolute 
expression of L-selectin is in CLL versus normal lymphocytes. Thus, it is even unclear 
whether the lymphocytes isolated from CLL patients even lose more L-selectin in absolute 
terms. 

There are many explanations which could account for the results shown in Figure 1 . 
One possibility is, as the Examiner seems to assert, that P2X 7 may be more plentiful on the 
cell surface of lymphocytes isolated from CLL patients than it is on the cell surface of 
lymphocytes isolated from normal subjects. However, there are many other possible 

28 Jamieson at 639, figure 1. 

29 Id. at 637, column 2. 

30 Id. at 638, column 1. 

31 Id. at 640, figure 5. 

32 Id. at 639, figure 3. 

33 Id. at 640, column 1. 

34 Id. at 640, figure 4. 
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explanations. Another possibility is that L-selectin levels are decreased in lymphocytes 
isolated from CLL patients than in lymphocytes isolated from normal subjects, leading to a 
greater percent decrease, but reflecting a similar absolute decrease in L-selectin. Another 
possibility is an increase in the activity of P2X 7 receptors found in lymphocytes isolated from 
CLL patients compared to receptors found in lymphocytes isolated from normal subjects. 
This could result in a greater decrease in L-selectin in the CLL lymphocytes as compared to 
normal lymphocytes, while P2X7 expression levels remained the same. Another possibility is 
an increase in the expression or activity of another member of the signal cascade associated 
with the P2X 7 receptor in CLL lymphocytes. It is possible that, for example, an intracellular 
intermediate is the rate determining step between binding of ATP to the P2X 7 receptor and 
the loss of L-selectin from the lymphocyte surface. Another possibility could be the 
expression or activity of the protease, which is thought to be responsible for the cleavage of 
L-selectin from the cell surface of lymphocytes, 35 is increased in CLL lymphocytes as 
compared to normal lymphocytes. Thus, the same signal when transduced in CLL 
lymphocytes has a greater cleavage affect than the same signal in normal lymphocytes. 
Jamieson does not give guidance as to the probability of any of these possibilities, nor does it 
teach or suggest that P2X 7 is differentially expressed in CML versus normal lymphocytes. 

The possible mechanisms for ATP's increased effect on the reduction of L-selectin on 
the surface of CLL lymphocytes, when compared to normal lymphocytes are many. The 
examples recited above are not exhaustive of all the possible mechanisms which are possible 
to explain the higher percentage loss of L-selectin in CLL lymphocytes as compared to 
normal lymphocytes. 

Buell does not cure the deficiencies of Altieri and Jamieson . Buell merely teaches an 
antibody specific for P2X 7 . 36 Buell does not even mention primary lymphocytes let alone 
differential expression of P2X 7 in CLL lymphocytes as compared to normal lymphocytes. 

Thus, the rejection of claims 1-3, 8-10, 19-21 and 24-34 for obviousness over Altieri 
in light of Jamieson and Buell follow the "obvious to try" standard and do not make a prima 
facie case of obviousness. For one of ordinary skill in the art to ascertain the cause of 
differential percent L-selectin loss from CLL and normal lymphocytes from the combination 
of the teachings of Altieri . Jamieson , and Buell, he/she would have to try each of numerous 
possible choices to determine the mechanism of increased percent L-selectin loss in CLL 
lymphocytes treated with ATP compared to ATP treated lymphocytes from normal subjects 

35 Id. at 641, column 2. 

36 Buell at 3521, abstract. 
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until he/she possibly arrived at a successful result. None of Altieri , Jamieson , or Buell gave 
any indication of which parameters are critical and no direction as to which of many possible 
choices is likely to be successful. Thus, the combination of Altieri , Jamieson , and Buell do 
not make a prima facie case of obviousness for claims 1-3, 8-10, 19-21 and 24-34 and 
Applicants request that this rejection be withdrawn. 

The Examiner has also rejected claims 1-3, 8-10 and 19-34 under 35 U.S.C. § 103 for 
being obvious over Altieri in light of Jamieson , Buell and Rio et al. WO 97/06256 (" Rio "). 
Applicants have herein canceled claims 24-33, so this rejection is moot as it regards these 
claims. The Examiner asserted that claim 22 embodies claims 1 and 2 where the means of 
detection is a Western blot. 37 Altieri , Jamieson and Buell do not teach or suggest a Western 
blot. The Examiner asserted that Rio teaches detection of leukemia markers by Western 
blot. 38 Applicants traverse this rejection. 

While Rio may teach Western blotting, its teachings do not cure the deficiencies of 
the teachings of Altieri , Jamieson and Buell described above. Rio does not teach the 
differential expression of P2X 7 in cancer or pre-cancer cells or tissues versus normal cells or 
tissues, nor does it indicate the cause of differential percent L-selectin loss in CLL 
lymphocytes as compared to normal lymphocytes shown in Figure 1 of Jamieson . Thus, for 
this reason, and the reasons asserted above, Applicants submit that there is no prima facie 
case of obviousness of claims 1-3,8-10 and 19-34 in light of Altieri over Jamieson , Buell and 
Rio , and request that this rejection be withdrawn. 



37 Office Action at 6, paragraph 9. 

38 Id. at 7, first paragraph. 
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CONCLUSION 

Applicants submit that the claims as here amended put the application in condition for 
allowance, and such action is respectfully requested. Should any questions or issues arise 
concerning the application, the Examiner is invited and encouraged to contact the 
undersigned at the telephone number provided below. 



Respectfully submitted 




Nicholas R Trianb, III, Reg. No. 36,397 
Attorney for Applicants 
MINTZ, LEVIN, COHN, FERRIS 
GLOVSKY and POPEO, P.C. 
Tel: (617)542-6000 
Fax: (617) 542-2241 
Customer No. 30623 



Dated: December 19, 2005 
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P2X immunol abel big of prostate detected preneoplastic changes in apparently 
normal tissue. Labeling occurred in two well-defined stages before the diagnostic 
histological markers of cancer were visible. As cancer progressed, the location of 
P2X expression changed from confinement within individual nuclei in the acini 
(stage 1) to a cytoplasmic punctate label in the acinal epithelium, with an 
associated removal of nuclear stain (stage 2). Finally, in advanced cases, where 
clear morphological evidence of cancer was apparent, the P2X label condensed 
exclusively on the epical epithelium (stage 3). BPH/nonnal tissue was entirely 
devoid of P2X label Biopsy samples (77) were tested in three categories. One 
group (35) were diagnosed as normal benign prostatic hyperplasia (BPH) on the 
basis of haematoxyfin and eosin (H&E) stain, although underlying disease was 
suspected. Of these, 14 (40%) were clearly normal and appeared entirely devoid 
of label, 13 (37%) exhibited the first stage of P2X receptor labeling and the 
remaining eight (23%) exhibited second stage labeling. The accompanying H&E- 
stained sections of all these cases had a normal appearance. Low grade cancer 
biopsy samples with Gleason scores G4-7 (25) all revealed widespread second 
stage receptor labeling in areas of both normal and cancerous morphology, while 
17 high grade cancer biopsy samples (Gleason G8-10) all showed third stage 
labeling along with some residual second stage labeling. The features of each 
P2X labeling stage occupied the entire histological area affected, offering more 
opportunity to diagnose the tissue than was supplied by the more-localised 
diagnostic features identified by H&E-staixu Besides detecting cases of preneo- 
plasia in biopsies With a normal H&E appearance, this technique was also able to 
rule out the presence of neoplasia in purely hyperplasic prostates by the absence 
of any PZX labeling. Prostate Cancer and Prostatic Diseases (2001) 4, 92-96, 

Keywords: prostate cancer; diagnosis; P2X receptor; calcium channels 



Introduction 

The autonomic nervous system plays a major role in 
the homeostatic, growth and secretory functions of the 
prostate. 1 In vertebrates, the autonomic P2X receptors/ 
channels of the purinergic nervous system constitute a 
newly-described dass of fast response, ligand-gated, 
calcium-permeable and cation-selective ion channels 
activated by extracellular ATP from nerve terminals or a 
local tissue source, 2 The P2X receptors are wideiy- 
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distributed in mammalian tissues. 3 P2X receptor binding; 
on the cell membrane triggers an influx of cytosolk Ca 2 + 
into the cytoplasm, producing ionic concentrations that 
vary in different cellular compartments, 4 The intracellular 
Ca 2+ signal is transduced via more than 40 Ca 2+ -bmding 
proteins including the 5100 proteins, tenasdn, calmodu- 
lin, integrin and annexin 5 These calcium-bound proteins 
activate and regulate the cell cycle, protein secretion, the 
composition of nuclear proteins, UNA transcription, 
apoptosis, adhesion protein binding, cell differentiation 
and phosphorylation. 6 Changes in cytosobc Ca 2+ there- 
fore control a wide range of cellular responses. 

Purines and pyrimidines can either stimulate or inhibit 
proliferation depending on the extracellular microenvir* 
orunent, the physiological state of the target cells, cell 
cycle and the expression of P2X receptors/ Several lines 
of evidence suggest that P2X receptor expression, and the 
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resulting variations in Ca 2+ homeostasis, may contribute 
to the progression of prostate cancer/- 10 Extracellular 
Ca 2+ influx also activates invasion and malignancy- 
associated enzyme metalloproteinases. 11 As an exten- 
sion of studies on the role of P2X receptors in the 
urogenital system 1 2 ~ T6 we examined their expression in 
clinical biopsies that had been previously diagnosed, 
using a unique suite of subtype-specific antibodies. 



Methods 

Antibodies against unique epitopes in the extracellular 
domains of each P2X subtype were developed and their 
specificity determined usingcDNA expressed in Xenopus 
oocytes and HEK293 cells. Each antibody exhibited spe- 
cific labeling in rat, mouse and human tissue. 12 " 16 After 
optimisation and standardisation of P2X subtype anti- 
body production and labeling characteristics, we evolved 
a standardised protocol P2Xj and P2X 2 had similar 
distributions. P2X 3 and P2X 7 labeled the same structures 
but obscured the clarity of the epithelial label because 
they exhibited denser staining of the prostatic nerve 
supply in the stroma. TOQ, P2X S and P2X 6 did not label 
any components of normal or neoplastic tissue. Accord- 
ingly, we chose a mixture of affinity-purified P2X| and 
P2X 2 subtypes, each at a concentration of 0.5 ug/mt IgG 
in PBS. This P2X 1#2 mixture resulted in increased clarity of 
the features described, without an increase in stromal 
labeling. 

Sections cut from blocks from cases that had been 
previously diagnosed were supplied by private clinicians 
and hospital pathology departments, as 5 -10 urn paraf- 
fin-embedded sections of prostate biopsy tissue on glass 
slides. The mean age of the patients was 72 ± 9 y. Of these 
cases, 35 had previously been diagnosed as normal and/ 
or containing BPH. All; these cases contained some degree 
of epithelial hyperplasia. Twenty-five cases were in the 
Gleason score range 4-7, while 17 were Gleason 8-10, 
Those that had Gleason scores in the range 4-10 all 
had PSAs over 8 and/or rising. In no case previously 
diagnosed as normal/ BPH, were prominent nucleoli 
observed. However, in 66% of cases with a Gleason 
score of 6 or more, prominent nucleoli were observed. 

The supplied cases were de-waxed in two changes of 
fresh Histoclear for 10 minutes each and rehydrated. 
Sections were incubated for 30 mm in 3% hydrogen per- 
oxide in 1 % bovine serum albumin in phosphate buffered 
saline (PBS), and washed in PBS 3 x5min, Sections were 
then incubated with an equal rnixture of P2X U subtypes 
at 05jig/mL IgG in PBS, for 30min. Thereafter, slides 
were washed three times in PBS for lOmin each, followed 
by a 30min incubation with a 1:100 dilution of HRP- 
conjugated goat anti-rabbit secondary antibody (Dako, 
Carpentera, CA). All slides were then washed three times 
in PBS for 

10 minutes each, visualised using a 0.05% solution of 
diamino benzidine (PAB) for lOmin, washed, dried 
and mounted in Entellin mounting medium (Merck, 
Darmstadt, Germany). Approximately serial sections 
were stained with a standard H&E protocol and labeled 
with anti-P2X antibodies as described, respectively For 
practical, ethical and, legal reasons, only formalin-fixed, 



paraffin-embedded and previously diagnosed biopsy 
samples were used. Conjugate epitopes completely 
blocked labeling in pre-absorption controls. 



Results 

Previously-diagnosed prostate cancer clinical specimens 
were used to identify three distinctly separate patterns 
of purinergic receptor (P2X) expression with increasing 
grade of cancer. Of the P2X subtypes (P2X t , 7 ), a mixture 
of P2X Jf2 antibodies resulted in optimal labeling patterns. 
In normal (non-neoplastic) tissue containing varying 
degrees of benign prostatic hyperplasia (BPH), no P2X^ 
label (or any other subtype) was present In samples 
clinically diagnosed as high grade cancer (Gleason 
grade G8- 10), a distinctive labeling pattern was routinely 
observed in different regions. In early stage cancer (Glea- 
son grade G4-7) stage 1 and 2 P2X labeling patterns 
predominated, although stage 3 labeling was observed in 
advanced cancer, particularly G7 tissue. These three dis- 
tinct patterns were designated as purinergic receptor 
translocation stages 1-3 (PRT 1-3). PRT 1 involved 
intense labeling of prostatic epithelial nuclei while in 
PRT 2, punctal cytoplasmic P2X receptor translocation 
predominated, with the (previously labeled) nuclei now 
unlabeled. All label within the nuclei had migrated out- 
side the nuclei. PRT 3 involved intense P2X receptor 
labeling on the apical epithelium in those cells possessing 
clear morphological changes. In the most advanced cases 
of cancer only PRT 3 was observed. However, in regions 
of tissue from cases of advanced cancer where the cellular 
morphology was merely hyperplasic or appeared entirely 
normal, PRT 2 and very occasionally PRT 1 were 
observed 

Patient diagnoses and case notes were used as a guide 
to separate the cases of normal /BPH (taken from patients 
obviously suspected of harboring cancer) from early stage 
and from late stage cancer. Staining patterns in TURP 
chips and biopsy core specimens were identical In 
normal and /or BPH tissue, as originally diagnosed by 
H&B staining as well as long-term patient outcome, P2X 
labeling was totally absent. 

Figure la is an H&E-stained section of a core biopsy 
sample taken from a 71-y-old man diagnosed with BPH 
while Figure lb shows an anti-P2X immunoperoxid- 
ase-labeled (approximately) serial section showing the 
complete lack of P2X receptor expression characteristic 
of non-neoplastic BPH tissue. This lack of staining was 
seen in 40% (14 of 35) of cases diagnosed as normal/ BPH 
by H&E Of the 14 normal, 12 had normal PSA 
levels, while in two cases the PSA levels were slightly 
increased. We propose mat these cases represent genu- 
inely normal tissue, with no evidence of any preneoplastic 
change. 

The earliest stage of P2X labeling (PRT 1) was char- 
acterised by dense, prominently-labeled epithelial nuclei 
(PEN) surrounded by an unlabeled stroma. Dilution 
studies revealed this pattern was composed of a dense 
accumulation of P2X receptor/channel puncta in the 
nucleus, that were entirely absent in genuinely normal/ 
BPH tissue. PRT 1 labeling was seen in 60% (21 of 35) of 
biopsied samples suspected of harboring some cancer but 
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diagnosed as normal/BFH on the basis of H&E staining. 
A total of 16 of these 21 cases had normal PSA levels 
while the other five showed a slight increase. Figure 2a 
is a micrograph of an H&E-stained core biopsy from a 
56-y-oid patient with a diagnosis of BPH with 'slowly 
increasing' PSA but with no cancer identified. The acini 
appear to be entirely normal Figure 2b is a micrograph of 
the same group of acini, in an (approximately) serial 
section, immunolabeled with anti-P2X antibodies show- 
ing the characteristic prominent epithelial nuclei (PEN- 
arrow) of PRT I despite its benign H&E appearance. 

The second stage (PRT 2) was characterized by the 
appearance of P2X receptor puncta throughout the cyto- 
plasm. This transport of receptors resulted in progressive 
de-expression of the (PRT 1) nuclear label to an end-point 
where the nuclei were completely devoid of label. These 
nuclei appeared outlined by the presence of cytoplasmic 
label Some residual label occasionally could be found on 
the nuclear membrane itself. Figure 3a shows a H&E- 
stained core biopsy from a 57-y-old man with an increas- 
ing PSA. The clinical diagnosis was (mild) BPH with an 
adjacent area of caacer diagnosed as Gleason score 6. The 
area depicted in Figure 3a is from the area diagnosed as 
BPH and devoid of cancer, Figure 3b is an anti-P2X 



immunoperoxidase-labeled (approximately) serial section 
showing the same acinal cluster as Figure 3a. PRT 2 is 
readily apparent. In some regions of tissue diagnosed as 
advanced cancer, PRT 2 was sometimes observed 
although stage PRT 3 labeling was far more common. 
Figure 4a shows a core biopsy from a 69-y-okl patient 
with increasing PSA. The clinical diagnosis was Gleason 
score 9. All acini were abnormal by H&E stain. Figure 4b 
is a micrograph of an anu-P2X Immunoperoxidase- 
labeled (approximately) serial section showing the same 
acinal cluster as Figure 4a. PRT 2 is readily apparent 
(arrow), appearing as a distinctive, punctate cytoplasmic- 
translocating receptor label 

The final stage (PRT 3) consisted of an apical deposi- 
tion (AD) of intensely labeled receptors on the apical 
epithelium. The nuclei remained devoid of label but the 
translocating puncta in the cytoplasm disappeared as the 
receptors deposited on the apical epithelium The AD 
label was characteristically dense, homogeneous rather 
than punctate and relatively thick — a feature probably 
intensified by the contribution of apical labeling in the 
section below the plane of focus. In cases where the 
histological appearance by H&E stain was obviously 
cancer, PRT 3 was predomment. Figure 5a is a core 
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Figure 1 Panel (a) shows a H&E stained section of biopsy core sample from a 71-yoid man with increasing PSA. The clinical diagnosis was BPH. Figure 
Mb) is an immunolabeled {approximately) serial section demonstrating non-expression of P2X receptors in BPHInormal tissue, Bar =50 microns. 




Figure 2 Panel fa) stows a H&E stained core biopsy specimen from a 56y-otd with 'slightly increasing 0 PSA. The clinical diagnosis was BPH. Figurc2(b) 
is an immunolabeled (approximately) serial section demonstrating PRT 1 (prominent epithelial nuclei or PEN— arrow), suggesting the onset of 
pnmeopksia. Bar =20 microns. 




Figure 3 Panel (a) shows a H&E stained core biopsy specimen from a 57-y-old with *increasins' PSA. The clinical diagnosis was BPH in the area depicted 
with an adjacent area of Cteason score 6. Figure 3(b) is on immunolabeled (approximately) serial section demonstrating PPT 2 indicating the likely presence 
of cancer within the tissue or an advanced case of preneoplosia suggesting the imminent onset of cancer. Bar =20 microns. 
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biopsy taken from an 86-y-old patient with increasing 
PSA, The clinical diagnosis was Gleason score 7. All acini 
in the biopsy were abnormal by H&E stain and contained 
numerous prominent nucleoli (arrow). Figure 5b shows 
an anu-P2X immunoperoxidase- labeled (approximately) 
serial section of the same acinal cluster as Kgure 5a. PRT 3 
predominates, as characterised by the intense deposition 
of receptors on the apical epithelium (arrow). 



Discussion 

This study describes three stages in progressive prostate 
cancer consisting of P2X receptor/channel translocation 
from the nucleus to the plasma membrane via the cyto- 
plasm. AD biopsy specimens were taken from patients 
who presented with symptoms of prostate disease. The 
presence of PRT 1 or PRT 2 labeling features in tissue 
diagnosed as normal/ BPH suggests that the neoplastic 
process begins at a metabolic level, some time prior to the 
appearance of H&B-stained diagnostic features. It is 
unlikely that these labeled receptors are acting as func- 
tional calcium channels in the nucleus at this early stage 
of expression and prior to being transported to epithelial 
cell surfaces. 17 

The observation of PRT 1 and PRT 2 in tissue diag- 
nosed as normal by H&E staining is suggestive of pre- 
neoplasia given the presence of PRT 2-3 in cases of 
obvious cancer in which morphological changes are 
observed. Of the 35 cases previously diagnosed as 
normal/BPH, 40% (14 of 35) exhibited no P2X expression 
at all This observation suggests that these tissues did not 
harbor any preneoplasia. A further 37% (13 of 35) con- 
tained PRT 1, while 23% (8 of 35) contained PRT 2. A 
finding of PRT 2 features in tissue diagnosed as normal 



was suggestive of comparatively aggressive or at least 
more advanced preneoplasia. No normal/BPH cases con- 
tained features of PRT 3, as this stage was always 
accompained by obvious carcinogenic changes to the 
cellular morphology. In each of the 25 cases previously 
categorised as Gleason score G4-7, PRT 2 was observed 
with some PRT 1 but not PRT 3. I n the 17 cases previously 
diagnosed in the range G8-10, PRT 3 was always seen, 
with occasional or no features of PRT 2. In biopsy tissue 
that was well removed from a site of diagnosed cancer 
and that was normal by H&E staining, PRT 2 labeling and 
even some areas of PRT 1 labeling was noted. The PRT 
staining pattern was exclusive to the entire histological 
area of a particular stage. Often only a single core showed 
any cancer with all other cores appearing normal or BPH 
by H&E but all these cores contained clear signs of PRT 1 
and /or PRT 2. We propose that all the cores that showed 
these features of PRT 1 and PRT 2 indicated the presence 
of underlying transformational change. 

An explanation for our findings may be found in the 
unique metabolism of prostate cells. In cells from any 
other body tissue, citrate provides fuel for oxidation in the 
Krebs cycle and the production of ATP. The unique 
prostate cell Krebs cycle works in a fundamentally differ- 
ent manner with citrate being an end-product of oxida- 
tion rather than the fuel for oxidation.* 8 * 20 Glucose and 
pyruvate are then used as substitutes for citrate This 
results in an extremely inefficient energy metabolism and 
a 10-30 times greater citrate concentration in the pro- 
static cytosol than is found in all other cells of the body. 
Citrate and zinc, essential for the proper functioning of 
the sperm, are ultimately secreted into the seminal plasma 
where the Zn 2+ binds to citric add and glycoproteins. 
Prostatic citrate production is regulated by testosterone 
and prolactin. The mechanisms of this process have not 
been elucidated, but are generally believed to involve 




Figure 4 Panel (a) shows a high power detail of a core biopsy specimen from a 69-y-cW with increasing PSA. Clinical diagnosis is Gleason score 9 with all 
acini appearing abnormal by H&E. Figure 4(b) is an immunolabeled (approximately) serial section that clearly shows the translocating receptors (arrow) in 
PKT 2. Most areas had already progressed to PRT 3. Bar -20 microns. 




Figure 5 Panel (a) shows high power detail of a core biopsy sample from a 86-y-old with increasing PSA. Clinical diagnosis is Gleason score 7. Ail acini 
were abnormal by H&E stain and contained numerous prominent nucleoli (arrow). Figure 5(b) is an immunolabeled (approximately) serial section showing 
the same acinal dusters. PRT 3 predominates, as shown by intense concentration of receptors on apkat epithelium (arrow). Bar = 20 microns. 
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tyrosine kinase-mediated pathways. Both zinc and dtrate 
are significantly increased in BPH tissue {due to the 
increased numbers of secretory cells) and markedly 
decreased in prostate cancer. Normal prostate epithelial 
cell citrate levels are typicaUy 4000- 6000 nmol/g. In the 
proliferating cells of BPH tissue they are extremely high 
(8000- 12 000 nmol/g) but very low in cancer cells (1000- 
2000nmol/g). 21 This results from the reversion of cancer 
cells to the normal somatic Krebs cycle. The neoplastic 
transformation of prostate cells therefore involves radical 
metabolic change. It is probable that the varying P2X 
Ca 2+ channel expression observed in the current study is 
the direct result of this altering metabolism. The pheno- 
menon of calcium-associated receptor translocation in 
cancer is not unique. A similar translocation sequence to 
that described in this study has been reported for the 
malignancy- associated, calcium-binding SI 00 proteins in 
smooth muscle cells following intracellular Ca 2+ influx. 22 
An antibody to this protein family anti-human S100B, has 
been used as a test for malignant melanoma for some 
time. Moreover, keratin expression studies have shown 
that some BPH tissue possesses an intermediate pheno- 
type which may have premalignant potential suggesting 
that BPH and cancer may be etiologicaHy related/ 3 Our 
results clearly support this suggestion. 

We propose that the use of purineigic receptor trans- 
location (PRT) staging constitutes an effective tool with 
which to readily differentiate patients with noncancerous 
BPH from those with early cancer, as yet undetectable by 
H&B staining, in men who present with elevated PSA 
levels and/or enlarged prostates, These features are 
dearly stage-specific, appear in each lobe of the prostate 
and extend a large distance from sites of cancer as 
diagnosed by H&E stain. This feature reduces the need 
to take many needle biopsy samples in the hope of 
sampling a diagnostic group of cells, currently required 
for H&B diagnosis. Data obtained by P2X immunolabel- 
ing appears to be unrelated to that of H&E staining, as it 
flags the metabolic changes that accompany neoplasia 
before the appearamce of morphological change. 

Regardless of whether the observed pattern anticipates 
the development of cancer, or is a consequence of a field 
effect in which the cancer process influences the adjacent 
epithelium, 23 the result remains that the presence of 
cancer can be detected indirectly and truly negative 
cases can be readily distinguished. This method may 
also provide data on the rate of progression of individual 
tumours. 
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Aims: To detect early prostate cancer reliably by 
monitoring the expression of non-functional P2X 7 
cytolytic purinergic receptors. 

Methods and results: P2X 7 receptors were absent from 
normal prostate epithelium obtained from post mortem 
tissue and tissue from cases of transurethral resection 
collected from young men (n = 23) who were con- 
firmed to be free of cancer at later procedures 
5-10 years after collection of the original samples. 
However, P2X 7 was present in every case of 116 
confirmed prostate cancers regardless of Gleason grade 
or patient age. P2X 7 was present in apparently normal 
epithelial cells in acini well outside the tumour mar- 
gins, but appeared in a distinct stage-specific manner 



commencing with the nucleus, progressing to the 
cytoplasm and collecting finally on the apical mem- 
brane of the epithelial cells in morphologically distinct 
cancer. The pattern of P2X 7 receptor localization in the 
epithelial cells was recorded in earlier biopsies obtained 
from the same patient cohort. One hundred and 
fourteen of 116 prostates stained positively for P2X 7 
at the earliest biopsy, though generally with a less 
advanced pattern of distribution. 
Conclusions: The appearance of P2X 7 receptors in 
normal prostate tissue adjacent to prostate tumours 
makes direct tumour biopsy less critical for positive 
cancer diagnosis and enables cancer progression to be 
monitored. 



Keywords; prostate cancer, diagnostic, P2X 7 calcium channel receptor, apoptosis, immunolabelling 
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Introduction 

Prostate cancer is the second commonest cause of 
cancer death in males after lung cancer in Western 
society. Although the incidence of prostate cancer is 
increasing in many countries, there is a lack of reliable 
prognostic indicators able to predict the behaviour of 
individual tumours. Latent prostate cancer and the 
preinvasive form of neoplasia known as prostatic 
intraepithelial neoplasia (PIN) have been found in 
45% of autopsy specimens following death from 
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trauma from men in their 50s to 82% of men aged in 
their 80s. 1 In Australia, a total of 12 500 new cases of 
prostate cancer were detected in the year 2000, of 
which 8000 were already well advanced with medium- 
to high-grade Gleason score and with many (20-30%) 
metastatic, a similarly high rate to other Western 
countries. 2 The advanced stage of the disease at initial 
diagnosis often results from the difficulty of .detecting 
tumours and to cases in which the onset of disease is 
rapid. Thus, more effective early detection of clinically 
significant cancers is a high priority, particularly 
among those men who present with elevated prostate 
specific antigen (PSA) and who appear negative for 
cancer at initial biopsy. In the same way that P2X 7 
receptor detection has been shown to differentiate 
between cases of aggressive and more benign breast 
cancers 3 both lobular and ductal, it is hoped that a 
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similar detection system will prove useful in prostate 
cancer. In addition, the P2X 7 might be valuable in 
indicating which patients with high-grade PIN have 
concomitant cancer. 

The purinergic (P2X) receptors contribute signifi- 
cantly to Ca 2+ influx to the cytoplasm, regulating at 
least 40 intracellular calcium-binding proteins. These 
control protein secretion, cell motility and adhesion, 
invasiveness, cytoskeletal modification, cell junction 
assembly, tissue differentiation, and phosphorylation as 
well as nuclear matrix protein composition and expres- 
sion, cell cycle regulation and DNA transcription. 4 The 
iono tropic subtypes P2Xj and P2X 2 are expressed in 
prostate epithelium when tumours are found, but not 
in normal tissue. 5,6 These changes occur simulta- 
neously with the appearance of telomerase-associated 
protein. 6 The appearance of low levels of telomerase 
activity in apparently normal tissue adjacent to 
tumours, including lung, skin, gut, bladder, pancreas, 
kidney, cervix, vulva and prostate, is suggestive of a 
field-effect of biochemical changes associated with a 
biochemical transformation that is undetectable with 
the use of common histological stains. 7 " 9 It is unsur- 
prising that several of the P2X receptors alter their 
expression in the acinar epithelial cells in the prostate 
in advance of the morphological changes associated 
with the development of prostate cancer given the 
major biochemical changes that occur in tissue under- 
going neoplastic transformation. 

The class of purinergic receptors of type P2X is 
comprised of fast, ligand-gated cation channels that 
open in response to the binding of extracellular ATP. 
The seven subtypes designated P2X!_ 7 exhibit exten- 
sive homology (30-40%), particularly in structurally 
important elements such as the extracellular disul- 
phide bridges. The long intracellular C-terminal 
domain unique to P2X 7 appears to confer time- 
dependent dilatation of the channel into a pore that 
possesses the capability of transporting large organic 
cations with molecular weights of up to several 
hundred Daltons that initiate apoptosis in the 
cell. 10 " 12 

Our aim has been to detect the early onset of 
prostate cancer in patients by identifying tissue either 
in the process of becoming neoplastic or that may be 
influenced by a tumour developing in adjacent 
prostatic tissue. A further aim has been to detect 
reliably the presence of existing, usually small iow- 
moderate-grade tumours that may have escaped 
detection at biopsy sampling through the effects of 
the tumour on adjacent and morphologically normal 
prostatic epithelium and which are likely to become 
clinically significant. 



Materials and methods 

PROTOCOL DESIGN 

Needle biopsies were tested from 116 men (age range 
47-86 years) who had been biopsied more than once to 
detect the presence of prostate cancer, Twenty of the 
patients were biopsied three to four times, the remainder 
twice. Prostate samples, either needle biopsies or tissue 
obtained from transurethral resection, were also collec- 
ted from 17 men (age 38-59 years) who had presented 
with symptoms of benign prostate hyperplasia between 5 
and 10 years before confirmation that they remained 
free of prostate cancer. The earlier samples were tested 
from these men and six post mortem tissues were 
obtained from men aged 20-25 years for control 
purposes. These were fully sectioned at intervals to 
exclude cancer. No positive label was seen in associated 
tissue epithelium including urothelium. All samples 
were otherwise randomly selected. The 116 confirmed 
cancer cases were in the range Gleason sum score 4-9. 
Most of these patients were considered to be false 
negatives at the initial biopsy with tumours that were 
present but which were missed by the biopsy needles and 
were thus kept under close observation. They were 
consequently re-biopsied between 3 months and 6 years 
(up to three times) after the initial biopsies and were then 
all confirmed with cancer at a final biopsy when the 
tumour was directly sampled. Indications for re-biopsy 
included continuing high or increasing PSA levels 
and/or continued clinical suspicion based on ultrasound 
testing. Over half the cases were detected within 
15 months of the initial biopsy. Sections (4-5 jxm) were 
cut from an average of eight cores taken irom the 
peripheral zone per procedure but ranging from 
three to 12 (apex, mid, base from left and right) for each 
sample. 

TISSUE LABELLING 

Each slide was de- waxed in two changes of fresh 
Histoclear for 10 min and then rehydrated. Sections 
were immersed in 0.3% hydrogen peroxide for 5 min, 
washed and then incubated for 30 min in affinity- 
purified human anti-P2X 7 antibody 312 ^ 15 at a con- 
centration of 0.1 ^g/ml IgG in Tris-bufiered saline 
(TBS) at pH 7.2. Thereafter, slides were washed in TBS 
for 5 min, followed by 20 min incubation with 1 : 100 
horseradish peroxidase-conjugated goat anti-rabbit 
secondary antibody (DakoCytomation, Sydney, Aus- 
tralia). All slides were then washed in TBS for 5 min 
each, dried and mounted in Entellan mounting 
medium (Merck, Darmstadt, Germany). Approximately 
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serial sections of each block were stained with a 
standard haematoxylin and eosin (H-E) protocol. 
Peptide epitope (10 um) completely blocked labelling 
in preadsorption controls while all other normal 
control sections were negative for P2X 7 . The 
non-functional P2X 7 receptor antibody is scheduled 
to become commercially available by the end of 2004 
as a monoclonal. 



Results 

NORMAL PROSTATE 

Figure 1A shows a section of tissue stained by H-E 
from a prostate obtained from a young man established 
as being genuinely free of any prostate cancer. The 
diagnosis was made as a result of the continued 
absence of disease after a 5-year period and of the fact 
that the tissue was obtained from a man aged 40 
presenting with urinary symptoms unrelated to pros- 
tate cancer. The serial section stained with anti-P2X 7 
antibody in Figure IB shows a total absence of stain 
indicating no up-regulated cytolytic P2X 7 receptor 
expression and thus no sign of early neoplasia, 
confirming the original diagnosis that the tissue was 
normal. Post mortem tissue obtained from young men 
(age 20-25) who were all free of prostate cancer all 
showed a similar complete lack of P2X 7 receptors in the 
prostate epithelium (n = 6). Similarly, normal breast 3 
and skin epithelia are essentially devoid of P2X 7 
receptors, while melanoma tissue appears heavily 
stained throughout the lesion. 16 Thus a total of 23 
confirmed normal prostate tissues, all devoid of PIN 
and each sampled over wide regions of the tissue, were 
found to be devoid of all P2X 7 receptors in the acinar 
epithelial cells. Examples of this total lack of epithelial 
label for P2X 7 receptors are shown in Figure 1C-F. 

CONFIRMED PROSTATE CANCER 

The contrast with the appearance of the prostate 
epithelial cells from the 116 confirmed cancer cases 
was stark. Figure 2A,B shows two serial sections from a 
typical core through a moderate-grade tumour (Gleason 
sum score 6) with H-E stain (Figure 2A) and anti-P2X 7 
antibody stain (Figure 2B). Ubiquitous labelling of P2X 7 
receptors was found throughout all epithelial cells in the 
tumour tissue. The direct staining of tumours (Gleason 
sum scores 4-9) with the antibody to non-functional 
P2X 7 showed that 116/116 of the confirmed tumours 
exhibited a high density of cytolytic P2X 7 receptors in 
the affected epithelial cells. The receptors were generally 
condensed onto the apical membrane of the epithelial 



cells in higher-grade tumours (Gleason sum score 7-9) 
leaving little intraceDular protein. Only when inserted 
in the cell membrane are P2X 7 receptors able to induce 
apoptosis. No tumour sample of any grade was unla- 
beled for P2X 7 . An example is shown in Figure 3. A 
total of eight cores were collected from a patient 
identified with a localized moderate-grade tumour 
sampled in just two cores from the right lobe. Fig- 
ure 3A,B shows regions of the two cores through 
tumour tissue in this patient that was labelled for P2X 7 
receptor. Clear positive cytoplasmic and apical mem- 
brane labelling is apparent in the acini within both 
these cores. The other six cores showed no signs of 
cancer by H-E, yet each of these six ostensibly unaffec- 
ted cores (Figure 3C-H) showed a dense concentration 
of intracellular cytoplasmic P2X 7 . The protein generally 
was not expressed on the apical membrane. Each core 
collected from each of the 116 confirmed cancer cases 
exhibited distinct epithelial immunoreactivity for P2X 7 . 
On average only 30% of the cores collected from each of 
the 116 patients directly sampled tumour tissue, the 
remainder sampling morphologically normal prostate 
tissue. 

P2X 7 RECEPTOR EXPRESSION IN BARLY CANCER 

The changing location and density of P2X 7 receptors in 
prostate epithelium was followed by examining all the 
biopsies collected prior to the final confirmation of 
cancer in the 116 confirmed cancer cases. Many 
of these cases, particularly those collected just 
3-6 months before final positive identification of the 
cancer, were considered false negatives, as the tumour 
that must have been present at the earlier biopsy was 
simply missed in the process of sampling the tissue, a 
common occurrence with small confined tumours. AH 
these cases displayed a characteristic appearance 
identical to that shown in Figure 3C-H. A distinct 
universal cytoplasmic intracellular distribution of P2X 7 
receptors was found in all the epithelial cells even 
though overall cellular morphology appeared entirely 
normal by H-E. 

An even earlier appearance of P2X 7 receptors in 
prostate epithelial cells was found in tissue biopsied 
between several months and 6 years prior to the 
positive confirmation of prostate cancer in the cohort 
of 116 patients. Some of these patients had exhibited 
PIN at initial biopsy. These much earlier samples 
showed apparently normal morphology in all sampled 
areas, with no sign of tumour in any core. An example 
is shown in the H-E-stained section in Figure 4A. 
However, staining for P2X 7 receptors in a serial section 
(Figure 4B) clearly showed that essentially all the 
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Figure 1. A,Bt Serial sections of a prostate core from a patient with no early neoplasia or tumour and who was confirmed to be tumour 
free for 5 years after this biopsy was collected. A, H-E stain. B, The corresponding serial section is devoid of P2X? label. Identical results 
were obtained in normal tissue from young patients obtained at post mortem. C-P, Sections from four different cores collected from a patient 
subsequently found to be free of prostate cancer, All cores are unlabelled for P2X 7 . Bars are 50 urn, 



epithelial cell nuclei had begun to express P2X 7 (see 
arrows). Figure 4C-F shows areas from four cores 
obtained from a patient with no sign of cancer at the 
time of biopsy but who was diagnosed with cancer at a 



second biopsy investigation 3 years later, Clear nuc- 
lear P2X 7 label was found in every one of the initial 
set of six cores taken throughout this prostate. The 
appearance of P2X 7 protein in the epithelial cell nuclei 
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Figure 2. A,B, A core from a patient with moderate cancer 
(Gleason grade 6). The corresponding P2X 7 label shows that all 
receptors tend to condense on the apical membrane (arrow) or the 
acinar epithelial cells from within the cytoplasm. Every prostate 
tumour directly sampled in the core biopsies (n = 116) showed 
an identical pattern of staining in the epithelial cells, comparing 
starkly with all normal tissue that was all devoid of stain. Bars 
are 50 ura. 

in these prostates appeared to be widespread from a 
very early stage of developing prostate cancer> before 
any tumour was detectable by H-E. There were very 
few acini that did not show P2X 7 expression by all 
luminal epithelial cell nuclei. Intermediate cases were 
found in which nuclear and cytoplasmic label was 
coextensive. Of the 116 patients confirmed with 
cancer, 38 exhibited nuclear receptor expression in 
tissue collected at earlier biopsies where no trace of 
cancer was found. They fell into two distinct groups. 
A total of 17 (44%) were confirmed with cancer by 
H-E analysis an average of 9 months later (range 
6-15 months), while the remaining 21 (56%) were 
confirmed with cancer an average of 4 years later 
{range 2-6 years). The transformation rate between 
nuclear stain and morphologically distinct cancer was 



an indication of how rapidly the tumour developed. In 
rapidly developing cancers, the nuclear stain recorded 
at initial biopsy was replaced with cytoplasmic and 
apical membrane stain at the later biopsy in as short a 
time as several months. Several clinical indications 
such as rapid rise in PSA and/or suspicious digital 
rectal examination (DRE) alerted the clinicians to the 
need to quickly re-biopsy in these cases. Many other 
cases took several years for the prostatic luminal 
epithelium to undergo the transition in receptor 
distribution from nucleus to membrane. 

This field effect showed that P2X 7 protein appeared 
in the nuclei throughout the prostate epithelium at 
least several months and up to 6 years before cancer 
was positively identified by H-E-stained biopsy. 
Moreover, this same field effect showed that intra- 
cellular cytoplasmic P2X 7 protein was always present 
in apparently normal tissue located well away from the 
site of the confirmed tumour. Tissue sections obtained 
from radical prostatectomies similarly showed wide- 
spread P2X 7 cytoplasmic staining throughout the 
entire sections and not just the sections through the 
tumour. There were no particular zonal differences 
found. 

Discussion 

The current study further validates earlier work using 
P2Xj and P2X 2 to identify patients at risk of developing 
prostate cancer. 5,6 The study supports the suggestion 
that major changes in calcium regulatory mechanisms 
anticipate morphological changes associated with 
developing moderate- to high-grade neoplasia over 
times that range from as little as 6 months to 6 years. 
The faster the tumour grew the faster was the 
transition time between the appearance of nuclear 
protein label and the spread of the receptors to the 
cytoplasm and luminal epithelial cell membrane, P2X 7 
cytolytic receptors were not found in any normal 
prostate epithelium in any section taken from 23 
normal prostates, whereas the receptors were found in 
every section examined from 116 confirmed prostate 
cancer cases (Gleason sum scores 4-9); over 600 
biopsied sections in all. In the highest grade prostate 
cancers (Gleason sum scores 7-9), where sections were 
taken through the tumour tissue, the pattern of 
receptor staining showed a distribution largely con- 
fined to the apical membranes of the epithelial cells in 
each acinus, presumably in a failed attempt to induce 
apoptosis in the affected cancer cells. In more moderate 
grade cancer tissue (Gleason sum scores 4-6), many of 
the receptors were found to be intracellular with a 
dense cytoplasmic distribution in the affected epithelial 
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Figure 3. Sections from each of eight cores collected from a patient with prostate cancer and labelled with anti-P2X 7 antibody. A,B, Cores taken 
directly through the tumour. C-H, Sections from six different cores that missed the tumour. Each shows clear cytoplasmic epithelial cell label 
for P2X 7 . All epithelial cells are labelled for P2X 7 . Bars are 50 um. 
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Figure 4, A3, Serial sections of apparently normal prostate tissue showing a distinct pattern of P2X 7 receptor expression in each of the epithelial 
cell nuclei (arrows). Al) such cases (n - 38) developed clinically significant cancer within 6 years with nearly half displaying obvious tumour 
within 15 months. Bars are 50 urn. C-F, Sections from each of four cores labelled with anti-P2X 7 antibody collected from a patient 3 years 
before histological Identification of a medium-grade contained prostate tumour was made. Distinct nuclear localization of the protein in the 
epithelial cells in all cores is apparent. Bars are 30 um. 
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cells suggesting a high concentration of intracellular 
receptor not yet deployed on the cell surface. This same 
high intracellular concentration of receptors was found 
in apparently morphologically normal tissue well 
removed from the tumour margin, making detection 
of the tumour straightforward in those cases where 
the tumour may not have been sampled directly by 
the biopsy needle. No case of prostate cancer in this 
randomly selected cohort of 116 exhibited a different 
pattern of receptor distribution. Thus, no section of 
tissue collected from any confirmed tumour case 
displayed any acini that were not heavily labelled with 
anti-P2X 7 receptor antibody even in areas well 
removed from the identified tumour, including areas 
in the opposite lobe. The majority of this patient cohort 
have received or will soon receive major intervention 
for their cancer, including radical prostatectomy and 
radiotherapy. Thus most of the cancers detected at final 
biopsy were of the category requiring clinical interven- 
tion, either immediately or soon thereafter. All such 
cases requiring clinical intervention displayed receptor 
expression in epithelial cell cytoplasm and apical 
membrane. In contrast, very few unimportant or latent 
cancer conditions were selected in this cohort. Rather, 
these few cases fell into the category in which the 
receptor label apparently remained essentially nuclear 
in character. 

This distinctly separate early stage of receptor 
distribution was seen in 38 of the 116 confirmed cases 
in the sets of biopsies collected at times that preceded 
tumour identification by several months to 6 years. No 
tissue that contained an identified clinically significant 
tumour exhibited this pattern of epithelial cell nuclear 
stain. Yet each of the 38 cases identified with P2X 7 
confined to the epithelial cell nuclei developed into 
confirmed prostate cancer. The observed transition 
times between this early manifestation of receptors in 
the epithelial cell nuclei and detection of tumour fell 
into two distinct categories: an average of 9 months or 
an average of 4 years. These distinct categories suggest 
two broad categories of clinically significant tumour 
progression. Thus about half the observed tumours 
from this cohort appeared quite rapidly, while onset of 
the others was about five-fold slower. Because of the 
close monitoring of this cohort of patients very few of 
the tumours were first detected by needle biopsy with a 
Gleason sum score in excess of G6. 

The pattern of receptor expression therefore appears 
capable of accurately identifying whether prostate 
cancer is absent (as defined here by an absence of 
P2X 7 receptors in the epithelial cells), is not yet clinic- 
ally significant, may be classed as latent (as defined here 
by P2X 7 receptors confined within epithelial cell nuclei), 



or is already present in a clinically significant form 
(as indicated by the widespread appearance of intra- 
cellular P2X 7 receptors in the cytoplasm of the epithe- 
lial cells lining the acini). The presence of nuclear P2X 7 
appears to be the initial response of cells to the need to 
boost the apoptotic mechanisms that are required to 
counter increased cell proliferation signals. An apop- 
totic mechanism operating through P2X 7 cytolytic 
receptors cannot occur until the protein is effectively 
assembled on the cell surface. However, the need for 
apoptotic pathways to be up-regulated in prostate 
tissue that detects altered proliferation signals is unsur- 
prising. When this nuclear staining pattern was obser- 
ved in tissue from a single biopsy it was also found in 
all other biopsies from the same patient, indicating that 
the up-regulation of P2X 7 in prostate epithelial cell 
nuclei is both rapid and widespread. Few samples were 
observed in which the nuclear stain was found 
alongside unstained acini. 

The later stages of tumour development in which 
P2X 7 was found to have migrated into the cell 
cytoplasm and on to the plasma membrane were 
observed to occur much more slowly in regions remote 
from the actual tumour tissue. It was common to find 
regions in which both nuclear and cytoplasmic immuno- 
reactivity were coextensive in very low-grade cancer 
cases (Gleason sum score 4), but this pattern was still 
present in epithelial cells that were remote from some 
much higher-grade tumours (Gleason sum score 7-8). 
The presence of every clinically significant tumour in 
the prostate, regardless of the Gleason grade, tumour 
size or the age of the patient, was characterized by clear 
cytoplasmic labelling for P2X 7 throughout the entire 
prostate epithelium (n = 116). Every tumour showed 
distinct cytoplasmic reactivity for P2X 7 in ail the 
sampled acini irrespective of whether the acinus was a 
part of the tumour, was immediately adjacent to the 
tumour, or was in an otherwise normal region in 
the opposite lobe to the tumour. This is clearly seen in 
the example shown in Figure 3, in which a similar 
staining pattern is observed in all eight biopsy cores 
even though only two cores were taken through the 
tumour (Figure 3A,B). This method therefore appears 
to provide a reliable detection of the presence of 
clinically significant prostate tumours that are already 
present but not directly sampled with the biopsy needle, 
perhaps located in the difficult to reach apical lobe. The 
presence of the widespread cytoplasmic label for P2X 7 
in biopsied tissue that appears morphologically normal 
seems to indicate the need either for an immediate set 
of more extensive repeat biopsies or else other contin- 
ued close observation to detect the presence of the 
tumour that has gone unsampled. 
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Data obtained by P2X 7 immunolabelling appears to be 
unrelated to that of H-E staining other than in tissue 
from obvious tumour. Instead, the appearance of the 
potential cytolytic P2X 7 receptors flags underlying 
metabolic changes that precede the histological devel- 
opment of neoplasia well before the appearance of 
morphological changes associated with tumour dev- 
elopment somewhere in the prostate, perhaps several 
centimetres from the affected epithelial cells. In contrast, 
recent work on superficial spreading melanoma 
(n = 80) has shown that anti-P2X 7 antibodies stain 
keratinocytes and melanocytes only in the affected 
tumour tissue with no field effect such as that evident 
in the prostate. 16 Like prostate, normal skin did not 
express the receptors. Thus, both skin and prostate cells 
up-regulate the expression of the apoptotic receptor in 
cancer cells without being able successfully to counter- 
act increased cell proliferation. 16 The widespread label- 
ling of telomerase-associated protein (hTPl) in the 
prostate epithelium in which a tumour was present 6 
supports the observation that proliferation factors, 
perhaps including TP1, 6 act to overwhelm apoptosis. 
The P2X 7 apoptotic receptors become up-regulated in 
response to systemic and perhaps hormonal signals in 
the prostate to prepare for the onset of developing 
cancer. These apoptotic receptor proteins appear to be 
up-regulated throughout the prostate but are not 
deployed on the apical membrane of the epithelial cells 
except in those areas contained within the tumour. 
There is now clear evidence that these receptors are non- 
functional 15 in breast 3 as well as in skin 16 and prostate. 
The receptor deployment on the cell membrane is clearly 
unsuccessful, with the tumour gradually spreading and 
the affected epithelial cells unable to undergo apoptosis. 
This stage-related up-regulation of receptors in advance 
of the appearance of tumour indicates that the positive 
staining never indicates a false-positive result, with the 
process of neoplastic transformation taking several 
months to many years. No clinically significant tumour 
was detected by biopsy when the P2X 7 receptors were 
confined to the epithelial cell nuclei (n = 38), whereas 
no tissue in which a clinically significant tumour was 
found, however, localized, ever lacked cytoplasmic stain 
throughout both the tumour and adjacent tumour-free 
regions (n — 116). 

Tumours that were rapidly developing could be 
differentiated from those that developed more slowly 
by observing the transition time between the appear- 
ance of P2X 7 receptors confined within the epithelial 
cell nuclei and receptors found throughout the cyto- 
plasm. In this necessarily retrospective study, a rapid 
transition time (average 9 months) between nuclear 
and cytoplasmic receptor expression was associated 



with rapid tumour detection, while slower transition 
times (average 4 years) were associated with commen- 
surately slower tumour detection times. The presence of 
a field effect underlying prostate cancer also is suggested 
by the strong genetic similarities seen between cancer 
and multifocal precursor lesions such as PIN. 17 These 
genetic similarities suggest that clonal expansion of 
precursor lesions such as PIN may account for the 
multifocal occurrence of prostate tumours. 

Detection of the P2X 7 receptors does not depend on 
tumour type, Gleason grade, patient age or the presence 
or absence of preneoplastic conditions such as PIN. 
Moreover, patients found to be suffering from benign 
prostatic hyperplasia who do not show an up-regulation 
of P2X 7 receptors in the prostatic epithelium appear to 
be entirely free of any prostate cancer. These findings 
may provide new insights into mechanisms for control- 
ling prostate cancer and may prove beneficial in 
monitoring those men who present with elevated serum 
PSA but in whom the biopsied tissue appears normal by 
H-E. The rate of progress of their disease may be 
followed by reference to the rate of transformation in 
P2X 7 receptor location. Ideally, this method should also 
be applied to prospective cohorts of patients followed 
over several years with the aim of separating patients 
with latent cancers not requiring clinical intervention 
(presumably those with steady-state nuclear label) from 
those cancers with cytoplasmic label that are clinically 
significant, requiring intervention. 
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Determining the risk that a particular area of hyperplastic breast tissue will progress to cancer is difficult and is 
currently expressed only as a general risk factor within the population. Using an antibody against the apoptotic 
purinergtc receptor P2X7, we examined 40 cases each of the following histological categories: normal, moderate, 
florid and atypical hyperplasia, lobular carcinoma in situ, ductal carcinoma in situ, invasive lobular and invasive 
ductal carcinoma. These were previously diagnosed by H&E and supplied by clinical laboratories as tissue sections. 
Normal and mildly hyperplastic epithelium was devoid of the cytolytic P2X7 receptors whereas all epithelial cells 
in all cases of in situ or invasive lobular or ductal carcinoma labelled intensely. The lobular and ductal in situ 
cases labelled imracellulariy while the invasive epithelial cancer cells showed intense cell surface label indicating 
an attempt was being made to induce apoptosis. All these receptors however are non-functional and thus unable 
to induce apoptosis. Approximately 10% of all hyperplastic lobules examined in the biopsied tissue, regardless of 
H&E classification, labelled for P2X7, which is suggestive of early metabolic cancerous change. The acini within 
lobules were either completely labelled with P2X7 or were completely devoid of the receptor. A potential advantage 
of this method lies in identifying early cancerous change in hyperplastic lobules and in establishing the true extent 
of cancerous spread in infiltrating lesions, thus facilitating the task of reporting clear surgical margins. 



Introduction 

Histological and cytologtcal features as demonstrated 
by haematoxytia and eosin (H&E) staining of tissue 
sections currently form the basis for the classification 
of breast cancer. Normal acini are composed of a layer 
of myoepithelial cells adjacent to the basement mem- 
brane that interact with the underlying stroma and an 
epithelial layer with secretory and absorptive functions 
on the ductal aspect [1]. 

Epithelial hyperplasia, sometimes called papillo- 
matosis or epitheliosis, is a relatively common benign 
microscopic lesion in the breast in women over 30 
years of age. The condition involves an increase in 
the number of layers of epithelial cells through in- 
creased proliferation or reduced apoptosis. These cells 



are heterogeneous and proliferate in layers that extend 
co ultimately fill the duct lumen. Mild epithelial by* 
perplasia is defined as consisting of fewer than four 
cell layers. The terms moderate to usual epithelial 
hyperplasia describe an increasing number of lay- 
ers. Atypical lobular hyperplasia refers to hyperplastic 
cells that resemble lobular carcinoma in situ (LCIS) in 
acinal organisation. Hyperplasia ultimately takes the 
form of a solid mass of heterogeneous cells that fill 
and distort the acinus and duct lumen. 

It is not possible to determine if lobules containing 
moderate, usual or atypical hyperplasia will progress 
to cancer based solely on H&E stained slides. Sev- 
eral studies have shown an unacceptabty high level of 
observer variability in estimating the type and degree 
of epithelial hyperplasia [2). Possibly as a result of 
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this uncertainty, only estimations of general risk to the 
population arc used. Moderate or florid hyperplasia 
without atypia is considered to carry a slight (1.5- 
2.0-fold) increase in risk of later developing cancer, 
while in atypical hyperplasia the risk is given as 4-5- 
fold that of the general population. Ductal carcinoma 
in situ (DCIS) and LCIS carry an 1 1-fold increased 
risk for breast carcinoma [3, 4]. It would be cleariy 
advantageous to be able to differentiate between cells 
forming low-risk tumours and those that demonstrate 
the potential for becoming invasive. 

The neoplastic transformation of normal breast 
cells is thought to result in part from a loss of the 
normal regulation of cell numbers, resulting in hy» 
perplasia. Breast cancer is thought to develop from 
non-invasive precursor lesions, although the earliest 
steps of neoplastic transformation are still undefined. 
Genetic instability in clonal populations of cells is 
common in atypical hyperplasia. Progression to cancer 
often includes the increased expression of oncogenes, 
decreased expression of tumour-suppressor genes, loss 
of cell adhesion and disruption to cellular biochem- 
istry. Alterations in cellular morphology occur later as 
a result of these initial changes. In established cancer, 
changes include the expression of angiogenic factors 
and proteases that facilitate tissue invasion. These 
malignant phenoty pes are thought to be due to an accu- 
mulation of the above changes, rather than an orderly 
progression between stages [5-7]. 

As a result, most human breast cancers appear 
to develop over long periods from pre-existing be- 
nign lesions although the early biochemical changes 
involved in this evolution are not fully understood 
[8J. Morphological analyses of H&E-stained breast 
cancer cells suggest that this is a multistep process. 
Apparently benipi lesions progress to various categor- 
ies of hyperplasia, which represent the initial stages 
of uncontrolled and possible neoplastic growth. The 
next stages are carcinoma in situ, invasive carcinoma, 
and ultimately metastasis. Such processes have been 
documented in many other malignancies. This view 
suggests that usual ductal hyperplasia (UDH) may be a 
precursor of atypical ductal hyperplasia (ADH). Con- 
versely, another prevalent view is that UDH is not 
part of the neoplastic progression but represents a be- 
nign proliferation of ductal epithelial cells. ADH does 
however represent the first step in a clonal neoplastic 
expansion [9]. 

The prognostic significance of histological change 
as demonstrated by H&E stain has been extensively 
studied and forms the basis of current diagnostic cri- 



teria. More recently, other markers of early cancerous 
change (i.e., unrelated to the expression of the cyto- 
lytic P2X7 receptors described in this study) have 
been discovered. A loss of the genes 16q and 17p 
may also play an early role in breast carcinogenesis 
[10J. Altered protein expression from several prolifer- 
ation and apoptosis-related genes are a known factor 
in the development of breast cancer and are found 
in UDH [11]. The biggest change in expression of 
proliferation and apoptosis related proteins appear to 
occur during the transition from UDH to DCIS [12]. 
This implies that 'benign* hyperplasia may indeed 
be a first event in breast oncogenesis. In a study 
of 66 human breast carcinomas and adjacent peritu- 
moural tissues, tumour markers human erythrocyte 
glucose transporter 1 (GLUT1) and fatty acid syn- 
thase (FAS) were observed in non-neoplastic tissues 
that were adjacent to mammary carcinomas [13], Hy- 
permethylation of the 14-3-3-sigma gene occurs at an 
early stage in the progression of breast cancer, and has 
been noted in apparently normal epithelium adjacent 
to breast cancer. A loss of expression of 14-3-3 sigma 
is therefore possibly another early event in neoplastic 
transformation [14]. 

The clonal nature of neoplastic lesions such as in 
situ and invasive breast cancer has been widely proven 
by several proliferative, genetic or other malignancy- 
associated markers. The breast is organised into dis- 
tinct stem cell-derived monoclonal patches and the 
norma) terminal ductal lobular units (TDLU) are 
monoclonal in origin. Any proliferative lesion arising 
within such a pre-existing clonal patch should there- 
fore be clonal, irrespective of whether it originates 
from one or more patch cells [15]. Loss of heterozy- 
gosity (LOH), a genetic change frequently detected in 
cancer, has been noted in 'benign' epithelial foci in 
the breast. LOH also occurs frequently in fibrocystic 
change, which suggests that foci of apocrine meta- 
plasia can share a genetically altered precursor cell 
with an associated carcinoma [16]. 

In previous studies on the early neoplastic bio- 
chemical changes in another epithelial cell (prostate) 
cancer [ 1 7], we established that the expression of sev- 
eral purinergic receptors precedes any visible mark- 
ers of cancer as visualised by H&E stain by up to 
6 years. More recently, we discovered that the ap- 
optoUc receptor P2X7 is expressed in all melanoma 
cases investigated, while remaining absent in normal 
skin epithelium [18). This receptor has since been 
confirmed as being non-functional, entirely unable 
to induce apoptosis in the cells expressing surface 
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receptor/channels [19]. In the current study, we la- 
belled previously diagnosed (by H&E stain) breast 
biopsies identified as normal, hyperplastic (mild, 
florid and atypical), in situ and invasive carcinoma 
with an antibody to the apoptotic calcium channel re- 
ceptor P2X7 to identify the early biochemical changes 
of breast cancer. These P2X7 receptors expressed on 
breast cells have similarly been found to be non- 
functional. 



Materials and methods 

Each of the following histological categories (/i*=40) 
was investigated: normal, usual, and atypical hy- 
perplasia, LCIS, DOS, invasive lobular and invasive 
ductal carcinoma. Each case was previously diagnosed 
and supplied as tissue sections by clinical laborator- 
ies on a random basis accompanied by full case notes 
and an H&E-slaincd slide for correlative microscopy. 
One of the difficulties in this study was that, although 
each case had an overall diagnosis, the tissue within 
each block (up to 30 blocks per case) varied markedly. 
Examples of a variety of histological classifications 
were present not only in each block, but between 
blocks from the same case. Consequently, the clas- 
sification state of each lobule had to be verified by 
a histopathoiogist before being included in the study. 
Despite this precaution, expert opinions varied as to 
the classification of some hyperplastic lobules. 

As this was an initial study to establish the P2X7 
labelling characteristics compared with the established 
H&E diagnostic criteria, it was not appropriate to use 
a blind study. Etch case was selected randomly from 
a list of available patients within each of the listed 
categories and diagnosed by a qualified pathologist to 
establish the cancer stage present, using current dia- 
gnostic H&E-stain criteria. The affinity-purified P2X7 
antibody was prepared as previously described [20]. 
Each tissue section was immunolabelled as previously 
described [21], Identical labelling was observed using 
the antibody to non-functional receptors [19] verify- 
ing the suspicion that the P2X 7 apoptotic pathway is 
blocked in breast cancer. Each slide was de-waxed in 
two changes of fresh Histoclear for lOmin each and 
then rehydrated. All sections were immersed In 1% 
hydrogen peroxide for 5 min, washed and then incub- 
ated in anti-P2X7 primary antibody at a concentration 
of 0.25jig/mL IgG in PBS for 30 min. Thereafter, 
slides were washed three times in PBS for 5 min each, 
followed by a total 30 min incubation with anti-rabbit 



secondary (Dako). All slides were then washed m PBS 
for 5 min and visualised using a 0.05% solution of 
diamino benzidine (DAB) for 5 min, washed, dried 
and mounted in Entellan mounting medium (Merck). 
Approximately serial sections were stained with a 
standard H&E protocol. Peptide epitopes completely 
blocked labelling in pre-absorption controls. For prac- 
tical, ethical and legal reasons, only formalin-fixed, 
paraffin-embedded and previously diagnosed biopsies 
were available for this study. 



Results 

Figure 1 (a) is a micrograph of a normal TDLU stained 
by H&E. The acini are composed of two cellular 
layers, an epithelial layer on the lumenal aspect 
that has secretory and absorptive functions, and a 
myoepithelial layer adjacent to the acinal basement 
membrane. The ducts draining the acini are lined 
with stratified epithelium. The interlobular stroma is 
stained magenta by the eosin component of the stain. 
In serial sections of lobules with this H&E appearance 
(Figure 1(a)), no labelling for the cytolytic receptor 
P2X7 was seen (Figure 1(b)). 

Approximately 10% of all hyperplastic lobules 
labelled strongly for P2X 7 regardless of the H&E clas- 
sification, in all biopsied tissue. This label was 'all or 
nothing* in every acinus within a given lobule, sug- 
gesting mat the phenomenon spread to neighbouring 
cells within the individual duct This finding has also 
been noted in the prostate [21]. In usual hyperplasia, 
the proliferating epithelium takes the form of solid 
masses of cells that distort the acinal structure and 
obscure the duct lumen (Figures 2 and 3), Within this 
classification, 88% of lobules (n = 3987) displayed no 
neoplaslic-associated biochemical changes as determ- 
ined by cytolytic P2X7 receptor labelling (Figures 2(a 
and b)) while the other 12% demonstrated a positive 
P2X 7 receptor label throughout all epithelial cells in 
the lobule (Figures 3(a and b)). It should be noted 
however that the receptor expression was intracellu- 
lar. The receptors had not been transported to the cell 
membrane where they could be assembled to act as 
functional apoptotic pores following agonist activation 
119]. 

Tissue sections often contained different types of 
lobule as classified by H&E. Often, however the 
tissue sections would contain lobules that were in* 
distinguishable from one another by H&E stain but 
were either strongly positive or transparent (negative) 
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Figure I. (a) A micrograph of a terminal duel lobular unit stained by H&E. (b) A serial section of the same lobule as (a) labelled for too 
cytolytic receptor anri-P2X7. There Is no positive label for this receptor in norma] tissue. Oar = 100 urn. 




Figure 2. (a) An H&E stained section of a hyperplastic lobule. The proliferating epithelium has taken the form of solid masses of cells that 
obscure the duct lumen, (b) Serial section of (a) that has been labelled for P2X 7 showing no label (i.e., normal) in the cytoplasm and apical 
epithelium (arrow). Bar= 100 urn 




(a) (b) 

Figure 3. (a) An H&E stained section of hyperplastic lobules. The proliferating epithelium has taken the form of solid masses of cells that 
obscure the duct lumen, (b) A serial section of Figure 2(a) that has been labelled for P2X 7 showing an intense label in the cytoplasm and 
beneath the apical epithelium (arrow). Bar = 100 u>m. 





(a) 



H 

via 




(b>* 



Figurr 5. (a) A low power H&E stained section of an area of tissue diagnosed as mixed normal and atypical hyperplasia, (b) An approximate 
serial section of the lame area labelled for P2X 7 . Using this marker, some lobules are normal (NL- arrows) and some show positive neoplastic 
changes in the form of intracellular P2X 7 receptors (AR-arrow). Note that this observation is an 'all or nothing 1 phenomenon at the lobular 
level. Individual acini conform to the labelling state of their lobule. Bar™ 500 urn. 
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(a) (b) 

Figure 11. (a) An H&E stained-section of a targe area of carcinoma in situ. A capsule (C) surrounds the cancerous area, (b) Areas of intracellular 
P2X7 labelled cells (Figure 9(a and b)-arrow») can be seen at least 1.2cm from the primary tumour on the upper margin, while aD the other 
margins were found to be entirely clear of label. Cells within the tumour show mostly cell surface label Bar » 500 urn. 



when labelled for Ihe P2X7 receptor. Figure 4(a) 
shows a lobule clinically diagnosed with atypical hy- 
perplasia. In atypical hyperplasia a total of 90.4% 
of all lobules were unlabelled, suggesting that they 
had not been subject to early neoplastic biochem- 
ical change (n =4328). However, the remaining 9.6% 
were strongly positive, indicating possible early po- 
tential neoplastic change. Once again, the receptors 
were found to be intracellular. As transport to the cell 
membrane had noi yet occurred there was not yet even 
the potential for apoptosis to be induced through stim- 
ulation of these receptors. Figure 4(b) demonstrates 
an intense P2X7 receptor label in a serial section. Both 
nuclei and cytoplasm in all epithelial cells are labelled, 
Figure 5(a) is a low power H&E stained section 
of an area of tissue diagnosed as comprising mixed 



normal and atypical hyperplastic lobules. Figure 5(b) 
is an approximate serial section of the same area la- 
belled for P2X7 showing some lobules are normal 
(NL-arrows) while some are positively labelled (AR- 
arrow) . The 'all or nothing' nature of this phenomenon 
is clear in this micrograph. Figures 6(a and b) are high 
power micrographs of the lobule labelled *AR* in Fig- 
ure 5(b). AH receptors are found to be intracellular in 
these tissues. 

In tissue that was diagnosed as clearly cancerous 
by H&E stain, all epithelial cells labelled strongly 
for P2X7. Figure 7(a) is an H&E-stained section pre- 
viously diagnosed as LCIS while Figure 7(b) is a 
serial section labelled for P2X 7 . All LCIS lobules 
were strongly labelled with the P2X7 antibodies (Fig- 
ure 5(b)). While the number of receptors appeared 
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to be substantially increased in these tissues over the 
levels observed in moderate and atypical hyperplasia, 
they remained intracellular. 

Figure 8(a) is an H&E-stained tissue section pre- 
viously diagnosed as invasive lobular carcinoma. All 
the epithelial celts demonstrate an intense P2X7 la- 
bel (Figure 8(b)), However, the receptors are mostly 
deployed on the cell surface where they have the po- 
tential to induce apoptosis. They are unable to do so as 
the pores remain closed as revealed by the binding of 
the antibody to the non-functional receptors. 

Figure 9(a) is an H&E-stained section of a DOS 
of the comedo type. Once again an intense label for 
P2X7 is visible (Figure 9(b)) in all epithelial cells. 
These cells also show the receptors are almost entirely 
intracellular. 

Figure 10(a) is an H&E-stained section diagnosed 
as invasive ductal carcinoma. Figure 10(b) shows that 
all the epithelial cells in the field are intensely labelled 
for P2X7 as expected. All cells identified as cancer- 
ous by H&E were labelled with the P2X7 antibody. 
Essentially all the receptors in these cells also have 
been deployed on the cell membrane in an apparently 
unsuccessful attempt to induce apoptosis. 

This simple inununohistochemistry technique also 
proves useful for determining the extent of tissue inva- 
sion from a primary cancer. Figure 1 1(a) is an H&E- 
stained section of invasive ductal carcinoma. Areas of 
P2X7 labelled cells (Figure I l(b)-arrows) can be seen 
at least 1.2 cm from the primary tumour on the upper 
margin, while all the other margins were found to be 
clear of label. These labelled acini otherwise appear 
unremarkable by H&E. Most of the receptors in these 
otherwise unremarkable cells are found to be intracel- 
lular so that apoptosis cannot yet be induced by this 
pathway. 



Discussion 

In this study, P2X7 receptors were not found in either 
normal or in approximately 90% of hyperplastic lob- 
ules. In all forms of lobular, ductal, in situ and invasive 
carcinomas however, labelling was intense but only 
invasive carcinoma cells displayed surface receptor. 
These findings were completely independent of hor- 
monal cyclic changes and are consistent with recent 
studies that show that apoptosis is increased with 
increased proliferation and is associated with breast 
cancer [22). However, the fact that the P2X7 recept- 
ors expressed on the cell surface in invasive cancer 



were non-functional indicates that this potential apop- 
totic pathway is not available in breast cancer. This 
simple immunohistochemistry method has more value 
in identifying early cancerous change m hyperplastic 
lobules rather than established cancer, as the latter 
is clearly identifiable by both H&E and cell surface 
P2X7 staining. Furthermore, cell surface expression of 
the receptors can be used to verify the invasive state of 
affected cells. 

Mild hyperplasia displayed no P2X7 label in the 
affected epithelial cells. Usual and atypical hyper- 
plasias had distinct P2X 7 receptor labelling patterns 
that could clearly differentiate between normal and 
potentially cancerous lobules. These differences were 
not visible by H&E stain. In usual hyperplastic epi- 
thelium, 88% of lobules (n = 3984) showed no label 
while 12% were strongly positive. These receptors re- 
mained intracellular. Although they were upregulated, 
they were not yet transported to the cell surface where 
they have the potential to induce apoptosis. This ob- 
servation was essentially an 'afl-or nothing" lobular 
phenomenon. Each cell of an affected acinus was la- 
belled whereas m adjacent normal lobules, no acinal 
cells were labelled. This result suggests that a funda- 
mental neoplastic change had occurred in 12% of the 
lobules and that the expression of P2X 7 receptors was 
possibly a protective response to that change, with an 
attempt to up-regulaie apoptosis. The affected lobules 
may also be connected in the same affected duct. 

Atypical lobular and ductal hyperplasia is thought 
to have a malignancy progression risk that is 4-5 times 
greater than that of the general population [3, 4, 23]. In 
the current study, 90.4% of all lobules in tissue clinic- 
ally diagnosed as atypical hyperplasia did not label for 
P2X 7 cytolytic receptor, suggesting that they had not 
been subject to the early biochemical changes associ- 
ated with neoplasia. However, the remaining 9.6% of 
the total lobules (Figure 5(b) AR-arrow) were strongly 
and uniformly labelled with intracellular receptor, pos- 
sibly indicating the presence of early in situ cancer 
somewhere within this ductal unit. Moreover, the con- 
nectivity between the labelling of a minority of lobules 
in UDH and the likely progression of these affected 
lobules to ADH and then DCIS appears to be well 
established from the results shown here by means of 
the upregulation of the intracellular P2X7 receptors. 

All cases of diagnosed in situ and invasive cancer 
exhibited an intense nuclear and cytoplasmic P2X 7 
label in all epithelial cells with the invasive cancers 
progressing to the stage of deploying the receptors on 
the cell surface. Figure 11, from a case of invasive 
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ductal carcinoma, demonstrates that receptor labelling 
can be used to determine the extent of neoplastic inva- 
sion. Figure 1 1(b) shows that pre-cancerous acini are 
present at least 1 .2 cm from the primary tumour on this 
margin with all other margins having been shown to 
be clear of label, suggesting that not all affected tissue 
was excised. 

DOS represents approximately half of all breast 
carcinomas detected by mammographic screening. 
The lesion is divided into several architectural sub- 
types as defined by H&6 stain. As a whole though, 
DOS consists of a malignant population of cells thai 
lack the capacity to invade through the basement 
membrane. They may however spread throughout the 
ductal system thereby involving an entire sector of 
the breast. DOS has several morphological variants 
[24]. LOS involves proliferation of a monomorphic 
population of cells in the terminal ducts or acini. The 
cells are larger than normal and often signet ring cells 
containing mucin are present. Compared with ductal 
carcinoma, lobular carcinoma is found less frequently, 
representing only 1-6% of all breast carcinomas. In- 
vasive carcinoma develops from LOS in only 25-35% 
of cases [25]. In the current study, all cases of DOS 
and LOS as well as invasive carcinoma, showed an 
intense up-regulation of P2X7 receptors in all affected 
epithelial cells, but significantly the more dangerous 
invasive cells could be differentiated from the in situ 
tumours by means of the surface expression of the 
receptors observed only in the invasive cells. 

We have shown that labelling for P2X7 can dis- 
tinguish between cells that have been transformed 
biochemically from those that are biochemically nor- 
mal, an observation not possible using H&E staining. 
Precise identification of early biochemical changes 
associated with signs of preneoplasia in usual and 
atypical hyperplastic cells is therefore clear and un- 
ambiguous. All normal cells are devoid of the receptor 
while all cancer cells and those cells that are turn- 
ing cancerous are uniformly and heavily labelled for 
the apoptotic receptor. Only the invasive cells show 
surface deployment of the receptors. Thus there is 
the potential to discriminate between cells forming 
low-risk turnouts and cells that have more invasive po- 
tential. As we have previously shown in the prostate, 
this method allows early and appropriate intervention 
where the H&B findings might be ambiguous. Con- 
versely, anxious patients with non-cancerous lesions 
or those with no sign of invasive cancer can be confid- 
ently reassured. This method also identifies the true 
extent of precancerous spread in infiltrating lesions, 



to facilitate the accurate reporting of clear surgical 
margins. A multiple-time point prospective study is 
necessary to establish these findings as an independent 
predictor of risk. 
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Increased expression of apoptotic markers in melanoma 

Michael Slater 3 , Richard A Scolyer b ^ d , Angus Gidley-Baird a r 
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Extensive labelling for the apoptotic markers calcium 
channel receptor P2X 7 and caspase-3 and telomerase 
activity was co-localized at a similar intensity In areas 
affected by superficial spreading melanoma obtained from 
80 patients, labelling for each of these markers also 
extended 2j*m from the melanoma into the keratinocyte 
layer of the adjacent normal epidermis. Conversely, the 
calcium-regulating receptors P2Xi- 3 and P2Y 2 (found in 
normal but not neoplastic skin) were fully de-expressed 
within 2pm of the melanoma but fully expressed beyond 
that distance. The cell adhesion protein E-cadherin (also 
only present in normal skin) was progressively 
de-expressed from a point 2jim from the melanoma until 
full de-expression within the lesion. These results show 
that telomerase-lnduced proliferation and defensive 
apoptosis are co- localized and simultaneous processes in 
melanoma tissue. Melanoma cell proliferation appears to 
overwhelm the apoptotic defence, perhaps due to the anti- 
apoptotic effects of telomerase. In addition, keratinocyte 



regulation of the epidermis and dermis Is severely 
compromised by the loss of E-cadherin and P2X 1 . 3 and 
P2Y 2 receptors, resulting in a lesion that Is aggressive and 
malignant Melanoma Res 13:137-145 0 2003 Lippincott 
Williams AWilkins. 

Melanoma Research 2003, 13:137-145 
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Introduction 

The incidence of malignanc melanoma in many 
countries is increasing at a rate greater than that of 
any other cancer in humans [1J. Dysplastic nacvi may 
be a precursor of melanoma in some cases. The early 
stages of melanoma are considered to be melanoma in 
situ and melanocytes in the radical growth phase 
(RGP). The advanced stages of the disease are 
primary melanoma in the vertical growth phase (VGP) 
and melanoma in the metastatic growth phase (MGP) 
[2]. 

The main defence against melanoma is programmed 
cell death (apoptosis), which is always involved in the 
spontaneous regression of neoplasms. Apoptosis also 
triggers the systemic immunological defences. Tumour 
treatments such as antineoplastic drugs, radiation and 
immunotherapy all include the initiation of apoptosis as 
. part of their therapeutic action. Without apoptosis, 
tumour regression will not occur [3]. 

Most studies of melanoma have used melanotic cell 
lines, but the transformational biochemical changes that 
constitute early melanoma development are difficult to 
study in such models. Although VGP and MGP mela- 
noma are available as cell lines, precursor lesions such 
as dysplastic nacvi, melanoma /// situ and RGP melano- 
ma cannot be propagated in vifro [2]. 

0960-8931 6 2003 Lippincott Williams & Wilkine 



In this study we used paraffin-embedded sections from 
80 melanoma cases and 10 cases of normal skin to 
investigate apoptosis, P2X and P2Y receptor expression, 
telomerase activity, and E-cadherin cell adhesion pro- 
tein changes in both norma! skin and melanoma tissue. 
Serial sections were labelled using an amplified immuno- 
peroxidase protocol. Expression of the apoptotic mar- 
kers calcium channel receptor P2X7 and caspase-3 or 
cysteine protease protein (CPP)-32, the ligand-gated 
purine rgic calcium-receptor channels P2X^ ( the metabo- 
tropic calcium receptor P2Y?, the cell proliferation 
marker telomerase-associated protein, and the cell 
adhesion protein E-cadhcrin was studied in serial 
sections. 

Materials and methods 

A total of 80 cases of superficial spreading melanoma 
were examined. A small number of nodular and other 
histogenetic subtypes were also examined initially. 
Since the findings appeared to be similar in each of the 
various histogenetic subtypes tested, only cases of 
superficial spreading melanoma were chosen for the 
study, as this subtype best demonstrated both the 
depth and lateral extent of marker labelling. 

Immunohistochemistry 

Formalin-fixed, paraffin-embedded sections from pre- 
viously diagnosed biopsies were used for this study. 

DO!: 10.1 007/01. cmr.00Q0Q66225,787 13.42 
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Each section was immunolabelled as previously de- 
scribed [4]. Each slide was dc-waxed in two changes of 
fresh Histoclear for 15 min each and then rehydrated. 
All sections were immersed in- 3% hydrogen peroxide 
for 5 min, washed, and then incubated in che appro- 
priate primary antibody (anti-P2X, anti-P2Y or anti- 
human telomcrase-associated protein [hTPl]). The 
concentration of affinity-purified IgG used in each case 
was 1.25mg/ml in phosphate buffered saline (PBS) for 
30 min. The slides were washed three times in PBS for 
5 min each, followed by a 30 min incubation with 
secondary antibody from the LSAB kit (Dako). All 
slides were then again washed in PBS for 5 min, 
visualized using a 0.05% solution of diaminobenzidine 
(DAB) for 5 min, washed, dried and mounted in 
Entellan mounting medium (Merck). Approximately 
serial sections were stained with a standard haematox- 
ylin and eosin (H&E) protocol. Pre-incubarion with 
peptide epitopes at 5-10 yM completely blocked label- 
ling in the pre-absorption controls. 

The sections labelled with monoclonal anti-E-cadherin 
(Zymcd, San Francisco, California, USA) were treated 
with primary antibody at a concentration of 1:100 in 
PBS for 30 min. Human P2X and P2Y subtype-specific 
antibodies were used as described elsewhere [5-8]. 
The antibody titres, defined as the reciprocal of the 
serum dilution resulting in an absorbance of 1.0 above 
background in the enzyme-linked immunosorbent assay 
(ELISA), were all in the range 75 000-95 000 compared 
with 200-250 for the pre-immune samples. 

Production of hTP1 antiserum 

The consensus sequence of hTPl [9J was examined for 
suitable epitopes. A segment in the C-terminal domain 
corresponding to the segment Cys2524~Glu2540 was 
chosen and the peptide synthesized using standard 
tertiary butoxycarbonyl (t-BOC) chemistry on an ABI 
430A synthesizer (Applied Biosystems, Foster City, 
California, USA) [10]. After high performance liquid 
chromatography (HPLC) purification, the peptide was 
cross-linked to diphtheria toxin using maleimido- 
caproyl-A^-hydroxysuccinimide. The peptide-antigen 
conjugate was suspended in water at a concentration of 
5 mg/ml and aliquots were emulsified by mixing with 
Complete Freund's Adjuvant. Emulsion volumes of 
1 ml containing 2 mg of peptide epitope were injected 
intramuscularly into a sheep; second and subsequent 
boosts were given at intervals of 6 weeks using Incom- 
plete Freund's Adjuvant. Blood samples were obtained 
by venepuncture after 12 weeks when adequate anti- 
body titres had been reached. The blood was incubated 
at 37*C for 30 min, and stored at 4°C for 15 h. The 
scrum was then collected following centrifugation and 
stored at -20 Q C in small aliquots. The serum samples 
were tested with an ELISA assay. The titrc of antibody 
used in the experiments was 82 OOt) ± 3300 compared 



with 225 ± 25 for pre-immune serum. The antibody 
was affinity purified on Affi-Gel 10 (Biorad). 

Results 

Labelling for P2X 7 . hTPl and CPP32 was co-localized 
within the superficial spreading melanoma, while no 
labelling for these markers was detected in adjacent 
regions of normal skin in the melanoma samples or in 
the 10 separate sections of normal skin. In contrast, 
E-cadherin, PZX X ^ and P2Y 2 were found in normal skin 
but not in melanoma. 

In the 10 norma! skin cases and in the areas of norma) 
skin not immediately adjacent to the melanomas, 
immunoperoxidase (IPX) labelling for the purinergtc 
receptor P2Xi took the form of distinct keratinocyte 
outlines (Fig. la). No label was observed in the stratum 
corneum. The bulk of the labelled cells wfere found in 
che stratum spinosum, with no particular concentration 
of labelled cells observed in the surrounding layers, 
either the stratum granulosum or the stratum basaie. 
Strong nuclear labelling for P2X 2 (Fig., lb) and P2X 3 
(Fig. lc) as well as the receptor P2Y 2 (results not 
shown) was also found throughout the stratum spino- 
sum, with a sizeable proportion of all the epithelial 
cells in this layer exhibiting very similar intense label- 
ling for all these receptors. P2X| labelling was relatively 
weak, with little apparent intracellular stain, indicating 
far lower protein expression than was evident for the 
other receptors. There was no detectable labelling for 
P?Xi_ 6 in either normal epithelium or in melanoma 
lesions (Fig. Id). It was consistently evident that P2X 2 , 
P2Xj and P2Y 2 receptors were maximally expressed in 
normal skin further than 2 mm from the clear margins 
of a melanoma. An example of positive P2Y 2 labelling 
in normal epidermal cells is shown in Figure 2a. Within 
2 mm of the clear margin of a melanotic lesion, how- 
ever, all P2Xj-3 and P2Y 2 labelling was absent (Fig. 
2b). 

As the melanoma margins in these cases could be 
determined by H&E stain, it was possible to perform 
correlative microscopy and immunohistochemistry on 
approximately serial sections. Figure 3 shows H&E- 
stained sections of a well-defined melanoma (Fig. 3a) 
with normal epidermis on both borders (Fig. 3b). The 
arrow is a reference point 2 mm from any melanoma 
cells as defined by H&E labelling. Both sections 
show apparently normal epidermis at the edge of the 
melanoma. 

IPX labelling for the cytolytic P2X 7 receptor (Fig. 4), 
the apoptotic marker CPP32 (Fig. 5a,b) and hTPl (Fig. 
5c,d) was co-localized and of similar intensity within 
the melanoma. 

P2X 7 , CPP32 and hTPl were not labelled in normal 
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(a) IPX label for P2X, in normal epidermis. The label is b the form of nuclear outlines (arrow). ( D ) IPX label for P2X 2 In normal epidermis. An intense 
label occupies the nucleus of cells (arrow), (c) IPX label for PSXa in normal epidermis. The strong nuclear labeBing pattern is very similar to that of 
P2X2 (arrow), (d) IPX label for the P2X subtypes P2X4-7 in norma! epidermis. No label is present (arrow). Bar « 30 nm. 



Fig. 2 




(a) Low-power view of IPX labeBing for P2X a in normal epidermis. Note that the label is positive and present aO along the epidermis (arrow), (b) 
Within approximately 2 mm of melanoma cells, all labelling for P2X a -s disappears (arrow). Bar « 50 um. 
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Fig. 4 




(a) 



(a) Approximately serial section showing IPX labelling for P2X 7 . Expression of this cytolytic receptor/channel indicates that apoptosis is greatly 
upregulated in the melanoma, <b) Approximately serial section showing IPX labelling for P2X 7 in the area immediately adjacent to that shown in <a). 
Despite the apparently abrupt change between melanoma and nomnal skin as indicated bv H&E stain (Fig. 3), some P2X 7 labelfing extends past 
2 mm from the melanoma intb the adjacent, normal keratinocyte layer. From this point on (arrow), the skin does not show detectable P2X 7 
expression and is probably biochemically normal. Bar = 0.5 pm. 



skin in detectable amounts. In the melanoma tissue, as 
the labelling for P2Xuj disappeared within 2 mm of 
the tumour margins, the labelling for P2X7, CPP32 and 
hTPt progressively increased. Figure 4a shows label- 
ling for P2X 7 , indicating extensive expression of this 
receptor throughout the melanoma and extending out 
into the keratinocyte layer to a distance of approxi- 
mately 2 mm (Fig. 4b). Figure 5a shows that the 
labelling of the apoptotic marker CPP32 correlates well 
with that of the P2X7 receptors. There is an extensive 
and intense CPP32 label throughout the melanoma 
tissue that extends to the same reference point at 2 mm 
(Fig. 5b). Similarly, hTPl is expressed with a similar 



intensity and distribution (Fig. 5c,d) as both P2X7 and 
CPP32. 

The cell adhesion protein E-cadherin was only ex- 
pressed around keratinocytes. There was no detectable 
label for E-cadherin around normal melanocytes or 
melanoma cells. E-cadherin in the keratinocyte layer 
was de-expressed gradually with increasing proximity to 
a melanoma. Figure 6a is an H&E-stained section 
showing a well-defined melanoma with apparently 
normal adjacent skin that has been labelled with three 
reference points. There was no label for E-cadherin 
within the epidermis overlying the melanoma (Fig. 
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Fig. 5 





(a) Approximately serial section showing labelling for CPP32. Expression of this apoptotic marker is a further indication that apoptoais is widespread 
in the melanoma, (b) Approximately serial section showing IPX CPP32 labelling in the area immediately adjacent to that shown in (a). As with P2X 7 
expression, some of the CPP32 labelling in the keratinocytes extends up to 2 mm from the melanoma cells. From this point on (arrow), the skin does 
not show detectable CPP32 expression and is probably biochemically normal (c) Approximately serial section showing tebefling for hTP1 . As with 
P2X 7 and CPP32 labelling in this study, telomerase activity is widespread in the melanocyte areas, (d) Approximately serial section from adjacent to 
(c) showing IPX hTP1 labelling. As with P2X 7 and CPP32, there is extensive telomerase activity within the melanoma. This label extends in the 
keratinocyte layer up to 2 mm from the melanoma. Beyond this point (arrow), the skin is probably biochemically normal Bar a 0.5 urn. 



6a,b,c). However, immediately adjacent to the lesion 
some faint E-cadherin label was seen in the keratino- 
cyte layer (Fig. 6c,d). The E-cadherin labelling in- 
creased to a moderate intensity approximately 1.2 mm 
from the lesion (Fig. 6b,d), but expression was not fully 
restored until a distance of 2 s 2 mm of the melanoma 
(Fig. 6c). Figure 6f is a high-power micrograph of an 
area of maximal epidermal E-cadherin expression, 
while Figure 6g demonstrates full de-expression of 
E-cadherin in the epidermis directly adjacent to a 
melanoma. 



Discussion 

In the current study it was clear that there was 
extensive, co-localized and intense apoptotic and telo- 
merase activity in melanoma, as revealed by the expres- 
sion of CPP32, the cytolytic P2X 7 receptor and hTPl. 



Squamous epithelial cells (keratinocytes) are major sites 
for the biosynthesis of cytokines and growth factors. 
Keratinocytes are active cells with a 7 day turnover. 
They not only influence keratinization, but also the 
function of the underlying dermis. In turn, dermal cells 
release cytokines and proteases that regulate endothe- 
lial cells and keratinocytes. The coordinated function 
of multiple epidermal and dermal cell populations 
allows the skin immune system to respond rapidly and 
effectively to a wide variety of insults. Keratinocytes 
are the first line of defence in the skin immune system, 
and keracinocyte-derived cytokines are pivotal in mobi- 
lizing leukocytes from blood and for signalling other 
cutaneous cells. Cytokine-mediated cellular communi- 
cation also enables dermal fibroblasts and endothelial 
cells lining the cutaneous vasculature to participate in 
immune and inflammatory responses ill). In the cur- 
rent study, CPP32, P2X7 and hTPl were also expressed 



1 42 Melanoma Research 2003, Vol 1 3 No 2 



Fig. 6 




<9> 

(a) H&E-stained section of another case in which normal skin is adjacent to a melanoma Arrows A, 8 and C are reference points for parts (b) to (e). 

(b) IPX E-cadherin labelled detail of (a). This low power overview shows a complete de-expression of E-cadherin in moat cells of the melanoma, with 
a faint (A), medium (B) and complete <C) progressive expression of E-cadherin occurring gradually until approximately 2 mm from the melanoma (C), 
from which point completely normal expression of E-cadherin in the keratinocytes of the epidermis is observed. Bar => 300 urn, (c) Medium-power 
micrograph of E-cadherih de-expression in the epidermis immediately adjacent to the melanoma, (d) Medium-power micrograph of partta! E-cadherin 
expression at a distance of 1 mm from the melanoma (B). Bar « 1 00 urn (e) Medium-power micrograph of norma] E-cadherin expression from 
approximately 2 mm from the melanoma (C). Bar « 1 00 urn. (f) IPX E-cadherin labelled high-power micrograph of the labelling pattern of E-cadherin 
in the keratinocyte layer of the normal epidermis. Bar - 26 pm, (g) High-power micrograph of the labelling pattern of E-cadhenn in the epidermis 
immediately adjacent to a melanoma, The label appears to be completely de-expressed. Bar = 25 urn. 
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in the keratinocyte layer. Each marker was expressed 
in the keratinocyte* of apparently normal epithelium 
within 2 mm of a melanoma margin. Each was abruptly 
de-expressed at this distance from the melanoma 
margin, and none of these markers were expressed in 
the normal epithelium. This finding suggests that the 
biochemical changes associated with melanoma extend 
to a distance of 2 mm from the lesion. 

Conversely, the cell adhesion protein E-cadherin was 
fully expressed on the plasma membrane of all kcrati- 
nocytes in normal skin but was not expressed in normal 
melanocytes or melanoma cells to a detectable level. 
This finding suggests that melanocytes are more freely 
able to migrate than are keratinocytes, a factor that is 
important in malignancy. In the keratinocyte layer, 
E-cadherin was fully expressed beyond a distance of 
approximately 2 mm from the melanoma margin. 

Cell-cell cross-calk mediated by cadherins and connex- 
ins results in coordinated regulation of cell growth, 
differentiation, apoptosis and migration. Abnormal ex- 
pression of adhesion receptors and breakdown of inter- 
cellular communication appears to drive tumour 
development and progression [12]. In this study, loss of 
E-cadherin in the keratinocyte layer accompanied mel- 
anoma development. This frees melanocytic cells from 
the regulatory mechanisms of the keratinocyte layer, 
providing melanoma cells with an increased opportu- 
nity to migrate [13], A key event in cancer metastasis is 
the transendothelial migration of tumour cells. Prior to 
migration, adhesion molecules are de-expressed at the 
endothelial junction, which is then penetrated by 
melanoma cell pseudopods. If the keratinocytes- 
dermal-endothelial cell regulation pathway is disrupted, 
as suggested by the current study, endothelial cells can 
assist the transmigration of tumour cells [14]. 

Like E-cadherin, the ligand-gated purinergic ionic 
calcium channels P2X]„3 and the metabotropic calcium 
receptor P2Y? were expressed in the keratinocytes of 
normal skin but were abruptly de-expressed within a 
distance of approximately 2 mm from the melanoma. 
Intracellular calcium is known to be a potent regulator 
of apoptosis and androgen receptor expression [15]. 
The purinergic cytolytic calcium channel receptor P2X7 
is a major initiator of apoptosis in haemopoietic cells, as 
the activated receptor initiates the opening of a large 
pore in the plasma membrane. The resulting pore 
admits a large influx of ionic calcium, thus triggering 
apoptosis. The other P2X subtypes have differing 
characteristics. Each subtype modulates intracellular 
calcium in slightly different ways. The intracellular 
Ca 24 " signal is transduced via more than 40 intracellular 
Ca 2+ -binding proteins, including the Si 00 proteins, 
tenascin, calmodulin, integrin and annexin [16], These 
calcium-bound proteins activate and regulate the cell 



cycle, protein secretion, composition of nuclear pro- 
teins, DNA transcription, apoptosis, adhesion protein 
binding, cell differentiation and phosphorylation [17]. 
Changes in cytosolic Ca 2+ therefore control a wide 
range of cellular responses. Additionally, an increase in 
cytoplasmic calcium affects the binding of proteins to 
the cytoskeleton, induces the additional release of 
intracellular calcium [18], activates the Na + /H + anti- 
porter, increases cytoplasmic alkalinization [19], alters 
phosphatidylinositol metabolism [20] and activates pro- 
tein kinases [21]. Calcium ions also trigger microtubule 
transport of membrane-bound organelles, exocytosis, 
and increases in nitric oxide synthase activity [22-26], 
P2Y receptors increase intracellular Ca 2+ levels by 
causing the release of Ca 2+ from the non-mitochondrial, 
receptor-operated, intracellular calcium stores in the 
sarcoplasmic reticulum [27], whereas P2X receptors 
increase intracellular levels of Ca* + by creaftihg an ion- 
selective channel to the extracellular fluid [28], Purines 
and pyrimidines can also either stimulate or inhibit 
proliferation depending on the extracellular microenviron- 
ment, the physiological state of the target cells, the cell 
cycle stage and the expression of P2 receptors [15], 

Apoptosis can be initiated in a number of ways. 
Tumour necrosis factor (TNF) activates two distinct 
antiproliferative pathways including p38 mitogen- 
activated protein kinase (MAPK)-dependcnt cell cycle 
disruption and CPP32-mediated apoptosis [29], Mela- 
noma cell apoptosis is also regulated by endogenous 
nitric oxide resulting from inducible nitric oxide 
synthase activity [30]. The increase in intracellular 
calcium caused by proliferation of the P2X7 receptors 
would not only initiate apoptosis, but also trigger 
increases in nitric oxide synthase activity 131], in turn 
inducing melanoma-specific apoptosis. 

Telomcrase labelling was a prominent feature of all the 
melanomas in the current study. Telomerase is a 
ribonucleoprotein enzyme that compensates for the 
progressive erosion of chromosomal ends, called telo- 
meres. In most somatic cells telomerase expression is 
repressed and the telomeres progressively shorten after 
each cell division, causing cell senescence. Conversely, 
telomerase is active in most human cancers, maintain- 
ing the integrity of chromosome ends and representing 
an important step in cell proliferation, immortalization 
and carcinogenesis [32], Telomerase plays a key role in 
carcinogenesis and is activated in most immortal cell 
lines and human cancers, including cutaneous melano- 
ma [33]. Levels of telomerase activity and telomerase 
RNA in melanocytic lesions correlate well with clinical 
stage and could potentially assist in the diagnosis of 
borderline lesions [34]. The apparent lack of telomerase 
activity in a small percentage of reported cases is 
characteristic of the current antibodies that are based 
on human telomcrase reverse transcriptase (hTERT) 
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epitopes. These appear to be easily masked or rendered 
conformationally unavailable. The antibody in the 
current study is based on a telomerase-assoeiated 
protein, a more exposed epitope. In addition, a variable 
but significant percentage of apparently normal epider- 
mis adjacent to a melanoma is positive for telomerase, 
indicating underlying biochemical cancer-associated 
changes that are not yet visible by H&E stain (32). 

Links between celomerase activity, ceil proliferation, 
apoptosis and expression of cell cycle regulators have 
not been extensively elucidated in cutaneous melano- 
ma [33]. It has been proposed, however, that the 
regulatory mechanism controlling telomerase activity in 
melanoma relies on the transcription and alternative 
splicing of human telomerase reverse transcriptase [35]. 
In the current study, hTPl and apoptosis markers were 
found in the same locations and with similar abun- 
dance. This probably indicates that apoptosis is very 
active as a defence against cancer cell proliferation, but 
that the neoplastic process overwhelms the apoptotic 
defence. There is also evidence that telomerase has an 
active anti-apoptotic role, as telomerase-expressing cells 
with elongated telomeres are resistant to apoptosis 
induced by hydroxy! radicals [36]. TNF also activates 
an anti-apoptotic mechanism in melanoma cells [29]. 
These findings may partly explain why apoptosis is 
ineffective as a defence against melanoma. 

These results show that telomerase-induccd prolifera- 
tion and defensive apoptosis are co-localized and simul- 
taneous processes in melanoma tissue. Melanoma cell 
proliferation appears to overwhelm the apoptotic de- 
fence, perhaps due to the anti-apoptotic effects of 
telomerase. In addition, keratinocyte regulation of the 
epidermis and dermis is severely compromised by the 
loss of E-cadherin and P2X|_* and P2Y? receptors, 
resulting in a lesion that is aggressive and malignant. 
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